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MOLEHILL or MOUNTAIN? 


In Constipation—True or Alleged 
it’s MUCILOSE 


When the patient who declares himself constipated has made a 
mountainous problem of over-purgation from a molehill of underlying 
cause, Mucilose—bland, lubricating bulk—is a valuable adjunct in 
correcting both the self-imposed laxative habit and the primary 


intestinal dysfunction. 


Ample intestinal bulk is ‘assured by placing the patient on Mucilose— 
pure, concentrated hemicellulose from psyllium. More efficient... 
Mucilose absorbs 50 times its weight of water to form a bland colloidal 


gel—lubricates the intestinal contents and gently stimulates peristalsis. 


For physiologic re-education . . . for more nearly normal evacuation 


and a regular “habit-time”—#t’s Mucilose. 


GREATER BULK from SMALLER DOSE at LOWER COST 


Mucilose 


IN SPASTIC AND ATONIC CONSTIPATION 
Highly purified hemicellulose concentrate, derived 
from Plantago loeflingii ... available as flakes or 
granules in 4 oz. bottles and 16 oz. containers. 


A trial supply of Mucilose will be sent to you upon request. 


DETROIT 31, MICHIGAN 
NEWYORK KANSAS CITY SAN FRANCISCO ATLANTA ¢ WINDSOR, ONTARIO 


SYDNEY, AUSTRALIA e¢ AUCKLAND. NEW ZEALAND 
Trade-Mark Mucilose Reg. U.S. Pat. Of. 
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adequate treatment in order to restora 


Pluraxin is especially designed for intensive 


Therapeutic Formula: Pluraxin 
Vitamin A (from fish liver oil) 25,000 U.S.P. Units 
Vitamin B, (thiamine). . %W5mg. 
Vitamin Be (pyridoxine) ‘ 2 mg. 
Nicotinamide . . 150 mg. 
Calcium pantothenate . . 10mg. 
Vitamin C (ascorbic acid) . . . « 150 mg. 
Vitamin Dz (calciferol). .  . 1,000 U.S.P. Units 


Same formula with folic acid 5 mg. per capsule 


One capsule daily is usually sufficient. Some patients may require 
larger doses at first. In vitamin therapy, “it is far better to prescribe 
too much than too little, too soon rather than too late” (Spies). 
Available in bottles of 30 and 100 capsules. 


PLURAXIN 


Now also Pluraxin with FOLIC ACID 


CHEMICAL~ COMPANY, INC. 


NEW YORK 13, N. Y. @ WINDSOR, ONT. 


PLURAXIN, trademark Reg. U. S. Pat. Off. & Canada 
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SYMPOSIUM ON ALLERGY 


Allergy Comes of Age—Editorial . . A. Cooxe 
Classification of the Histologic Reactions in Allergic Diseases . Mitton G. BoHRop 
Immunology of Allergic Disease . . . . . . . +. Rosert A. CooKE 
Quantitative Immunochemical Aspects of Some Allergic Reactions. ELvin A. KABAT 
Role of Histamine in Anaphylaxis and Allergy . . . . . . Bram 
Aidbccaiaiiali Drugs. Pharmacology and Therapeutic Effects. SAMUEL M. FEINBERG 


Allergic Dermatitis. View of Its Immunologic and Biochemical Implications 
CHESTER N. FRAZIER AND ALLEN A. SMALL 


Working Classification of Asthma « FRANcIs M. RACKEMANN 


Recognition of Emotional Factors in Allergic Manifestations 
Pau A. GLIEBE AND WILLIAM J. KERR 


Allergy in the Nervous System. Review of the Literature 
Lewis D. STEVENSON AND ELLSwoRTH C. ALVoRD, JR. 


Dr. Cooke and Dr. Rackemann have designed this symposium to meet the needs of a general 
medical audience for a broad introduction to modern concepts of allergy. The contributors, all 
especially qualified by training and experience to speak with insight and authority in their 
respective fields, have treated their subjects critically and constructively. The whole makes an 
impressive, well integrated presentation. 

The substance of the symposium proves the point of Dr. Cooke’s introductory remarks. There 
can be no doubt that an intelligent appreciation of allergic mechanisms and phenomena is 
essential to the understanding of many of the problems of general medical practice. 


Contents continued on page 5 


3 

509 

511 

523 

535 

545 

560 

586 | 

601 


DO YOUR DIABETIC PATIENTS 
COOPERATE FULLY? 


A vital phase of diabetes management is the daily testing 
and recording of the patient’s urine-sugar. At one time 
this involved such inconvenience, loss of time and 
technical difficulty as to lead to carelessness and lack of 
full cooperation by the patient. But these objections have 


been completely overcome with the introduction of— 


@ CLINITEST 


The Tablet, No Heating Method for Detection of Urine-Sugar 


SIMPLE — SPEEDY — COMPACT — CONVENIENT 


Clinitest is distributed through regular drug and medical supply channels. 


Identification cards for the protection of your 
diabetic patients now available free upon request. 


AMES COMPANY, Inc. « Elkhart, Indiana 
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Contents continued from page 3 


Reviews 
Normal and Abnormal Heart in the School Child . . . Martin H. WENDKos 


A helpful summary of the criteria employed in recognizing significant heart disease in the course 
of periodic physical examinations of school children. Special emphasis is placed upon frequently 
misinterpreted murmurs of no pathologic significance and upon the differences from findings in the 
adult. 


juvenile Davip LITTMANN 


A study of the normal juvenile electrocardiographic pattern in fifty school children. The author 
recommends that lead 1vr be made routinely in children instead of tvF which was found to be un- 
predictable and of little diagnostic value. 


Seminar on Thromboembolism 


Dicumarol. Its Action, Clinical Use and Effectiveness as an Anticoagulant Drug 
NE.son W. BarRKER, EpGar A. Hines, JR., WALTER F. KVALE, EDGAR V. ALLEN 634 

The authors here summarize their large experience with dicumarol administered with or without 

preliminary heparinization, to prevent the occurrence, recurrence and extension of venous throm- 


bosis and in acute arterial occlusion. Their impressive results emphasize the importance of this 
anticoagulant drug. Many practical pointers in management are interspersed in the presentation. 


Case Reports 


Dissecting Aortic Aneurysm. Unusual Case Having a Previous Healed Dissection and 
Later Slow Dissection of All Major Aortic Branches. . STuyvEsANT BUTLER 
The clinical course of a closely observed case of dissecting aneurysm of the aorta is described, 
with the postmortem findings. 
Acute Thrombocytopenic Purpura Complicating Rubella 
Mayor Haro S. GInsBerRG and Captain JOHN M. WILSON 
An account of two well studied cases, with comments on possible mechanisms involved. 
Fulminating Meningococcemia with Gangrene 
LizuT. ALBERT C. BRopERs, JR. and ALBERT M. SNELL 
An unusual case presenting gangrene as a complication of acute meningococcemia successfully 
treated with penicillin and sulfadiazine. 
Salicylates in the Prevention of Erythroblastosis Fetalis 
CHARLES E. McLENNAN, B. V. JAGER and G. A. MATSON 


An interesting although unsuccessful attempt to prevent erythroblastosis fetalis by treatment of the 
sensitized Rh negative mother with large doses of salicylate. 
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General Information 


THE AMERICAN JOURNAL OF MEDICINE 
extends an invitation to the profession for 
original releases on clinical investigations, 
clinical reviews, case reports and articles 
designed for postgraduate teaching. 

Articles are accepted for publication with 
the understanding that they are original con- 
tributions never previously published. All 
manuscripts are subject to editorial modifi- 
cation, and upon acceptance become the 
property of THE AMERICAN JOURNAL OF 
MEDICINE. 

THE AMERICAN JOURNAL OF MEDICINE 
does not hold itself responsible for any 
statement made or opinions expressed by 
any contributor in any article published in 
its columns. 


A reasonable number of illustrations are 
supplied free of cost; special arrangements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 

Reprints are furnished on order. Prices 
are quoted on the first day of the month 
during which article appears. Individual 
reprints of an article must be obtained 
from the author. 

Material published in THE AMERICAN 
JOURNAL OF MEDICINE is copyrighted and 
may not be reproduced without permission 
of the publishers. 

Change of address must reach us by the 
15th of the month preceding month of issue. 


PREPARATION OF MANUSCRIPTS 


Text. Manuscripts are to be typewritten 
on one side of the paper, with double spac- 
ing and good margins. The original should 
be sent to the editor and a carbon copy 
retained by the author. 


Illustrations. Ulustrations must be in the 
form of glossy prints or drawings in black 
ink (never in blue). On the back of each 
illustration the figure number, author’s 
name and an indication of the top of the 
picture should be given. Legends for illus- 
trations are to be typewritten in a single list, 
with numbers corresponding to those on the 
photographs and drawings. Please do not 
attach legends to the pictures themselves. 


Bibliographies. Bibliographic references should 
be at the end of the manuscript and not 
in footnotes. Each reference should include 
the following information in the order in- 
dicated: Name of author with initials; title 
of article; name of periodical; volume, page 
and year. The following may be used as a 
model: 


Bancroft, F. W., STANLEY-BRown, M. and 
Quick, A. J. Postoperative thrombosis 
and embolism. Am 7. Surg., 26: 648, 
1945. 


The subscription price of THE AMERICAN JOURNAL OF 
MepicinE, is $10.00 per year in advance in the United 
States; $12.00 in Canada and Pan-American countries 
and $15.00 in foreign countries. Current single numbers 
$2.00. All Special Numbers $4.00. Prices for such back 
numbers as are available will be quoted on request. 


Address all correspondence to 


The American Journal of Medicine . 49 West 45th Street - New York 19 
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Penicillin Oil-and- Wax 
est syringe 
you ever saw 


Z Simply attach needle 


No cartridges to insert or 
change with the Cutter 
disposable syringe. And 
note the rubber “knee- 
action” hilt to absorb 
shocks and prevent 
needle snapping. 


That’s easy, too. Like 
your favorite Luer, the 
Cutter syringe has a pull- 
back plunger. Lets ou 

Cutter flu is 


Then throw the whole 
syringe away 


Noting could be simpler! 
No tricky parts to sterilize 
or keep track of. Each 
syringe is a complete 
unit. 
disposabl e. 


measured doses. 


Cutter P.0.B. simplifies the whole procedure 


So fluid, it flows just like salad oil at room 
temperature. Requires no heating or refriger- 
ating. And, if you use it from vials, there’s 
no struggle to pull this penicillin suspension 
into your own syringe! 


You can get Cutter P.O.B. either in handy, 
disposable syringes or in vials—in 300,000 
units, 200,000 units, and 100,000 units per 
cc. If your pharmacist has 
none in stock now, ask him 
to order you a supply. 


CUTTER 


Fine Biologicals and 


Phi 


CUTTER LABORATORIES 
BERKELEY 1, CALIF. 
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Not only at the menopause, but through all the 


years of ovarian activity, menstrual irregularities due to 


endocrine imbalance are frequently amenable to 
Di-Ovocylin. This Ciba estrogen is the hormonal constit- 
vent of the graafian follicle esterified in pure crystalline 
form to provide the longest duration of effect. 


DI-OVOCYLIN ® brond of a-estradio!l dipropionste) 


For further information, write Professional Service Division 


CIBA PHARMACEUTICAL PRODUCTS, INC. 
SUMMIT, NEW JERSEY 
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The sole purpose of an Electrocardiograph is to produce accurate records as an 
aid in the determination of heart pathology. There should be no qualification of this 
essential requirement. “Almost Correct” or “Usually Correct” records will not do. 

It is the unquestioned accuracy of Cambridge records that has made the 
CAMBRIDGE the accepted standard of comparison; the science of Electrocardio- 
graphy has been built largely upon records produced by this instrument. The Cambridge 
Electrocardiograph has many design features which make it simple and convenient 
to use. These features, though important, are secondary in comparison with the 
consistent accuracy inherent in every CAMBRIDGE. Dependability and accuracy are 

the prime reasons the Cambridge Electrocardio- 
graph is the choice of discriminating Cardi- 
ologists, Hospitals and Medical Schools... 
everywhere. 

When you select a CAMBRIDGE, Doctor, 
you buy assurance of accurate records for your 
lifetime in practice. You can buy no more... nor 
can you aford less. 


Send for descriptive literature 


CAMBRIDGE ANY MODEL MAY BE AR- 


‘all-electric RANGED TO RECORD HEART 
The “Simpli-Trol” Portable 


Model. Mobile and Research ELECTR e) CARDIO GRA PH SOUNDS AND ELECTROCARDI- 
Models Also Available OGRAM SIMULTANEOUSLY 


CAMBRIDGE INSTRUMENT CO., INC., 3758 Grand Central Terminal, New York 17, N. Y. 


Cleveland 15, Ohio Philadelphia 4, Pa. Chicago 12, Ill. 
1720 Euclid Ave. 135 South 36th St, 2400 West Madison St. 


Pioneer Manufacturers of the Electrocardiograph 


MAKERS ALSO OF THE CAMBRIDGE ELECTROKYMOGRAPH, CAMBRIDGE PLETHYSMOGRAPH, 
CAMBRIDGE AMPLIFYING STETHOSCOPE, CAMBRIDGE BLOOD PRESSURE RECORDER, ETC. 
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new evidence of the 
efficacy of Dexedrine 
in weight reduction 


Excerpts from a recent study entitled, THE MECHANISM OF AMPHETAMINE- 
INDUCED LOSS OF WEIGHT: A Consideration of the Theory of Hunger and Appetite 
—by Harris, S. C.; Ivy, A. C., and Searle, L. M.: J. A. M. A. 134:1468 (Aug. 23) 1947. 


experiment I. 


results 


experiment 4. 


results 


for 
control 

of appetite 
in weight 


reduction 


Does Dexedrine Sulfate, by controlling appetite, 


decrease food intake and body weight in human subjects? 


. our obese subjects lost weight when placed 
on a diet which allowed them to eat all they wanted 


three times a day...” 


Does the rather prolonged administration of Dexedrine 


cause any evidence of disturbance of tissue functions? 


‘No evidence of toxicity of the drug as employed in 
these studies was found . . . no evidence of deleterious 


effects of the drug was observed.” 


Dexedrine sulfate 


(dextro-amphetamine sulfate, S.K.F.) Tablets Elixir 


Smith, Kline & French Laboratories, Philadelphia 
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ARE RESPONSIBLE FOR SYMPTOMS IN 


LARGE NUMBERS OF PATIENTS 


WITH NASAL DISEASE 


Have you tested for 
allergy in refractory 
cases? 


The WYETH ALLERGEN TESTING SET 


Indispensable for Routine Diagnosis by the 
Sensitive, Accurate Intracutaneous Method 


In patients with seasonal symptoms and 
those with upper respiratory disturbance the 
year round, an allergic background should 
be suspected. 

WyeTH Allergens in Tubex® are injected 
directly into the skin without dilution or trans- 
fer from vial to syringe. Thus there is little 
possibility of contamination, and one syr- 
inge serves for all injections. Each Tubex 
contains sufficient extract for 20 to 30 tests. 
Reactions usually appear in 10 or 15 minutes. 


Each complete testing set contains 200 
Standard Diagnostic Allergens (N.N.R.) in 


Tubex, 1 Tubex Syringe, 3 Tubex Epine- 
phrine Hydrochloride Solution, 3 Tubex 
Buffered Saline, 3 Tubex Distilled Water, 
1 doz. Tubex Needles, 20 Diagnostic Charts, 
in wooden cabinet. 

Also available: 107 Special Allergens for 
Extended Testing and 40 Group Tests, in- 
cluding up to six individual allergens each. 


The Tubex unit supplies allergenic extracts or other 
materials in a glass cartridge which is inserted into the 
Tubex syringe to form a closed system ready for im- 
mediate injection. 

Tubex syringes, developed and produced by J. Bishop 
& Co., are used exclusively by Wyeth Incorporated. 


WYETH INCORPORATED i600 Arch Street, Phila. 3, Penna. 


Wyeth 


Please Send me Allergen Order Blank listing Wyeth Allergen 
Testing Equipment and Accessories, and Extracts for Treatment. 


M.D. 


State. 


City 


WYETH INCORPORATED 


PHILADELPHIA 3, PA. 
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a Palatable 
protein hydrolysate 


Aminogran Bristol answers the 
patient’s most frequent objection to 
the use of oral protein supplements. 
Within limits defined by the nature 
of the material itself, Bristol has im- 
parted to the granules a rich, meaty 
flavor which remains acceptable on 
prolonged administration. 

Aminogran is a balanced combi- 
nation of free amino acids and poly- 

al peptids. It is derived from partially 
Sd ' hydrolyzed yeast protein, with 14% 
. added lactalbumin. All of the essen- 
tial amino acids are present in pro- 
portions best suited to optimum 
utilization, together with natural min- 
erals and B complex vitamins from 
brewer’s yeast. 


In addition to 64% protein and 23% carbohydrates, the average 
daily dose of Aminogran (4 tablespoonfuls—50 grams) provides: 


Thiamine Chloride........... 0.8 mg. 
1.6 mg. 
8.0 mg. 
Calories 
Tasting sample on request. 


SPECIFY Bristol 


LABORATORIES INC. SYRACUSE, NEW YORK 


12 

( 
S 

yy 
3 


DURING PREGNANCY 


OBron—in a single capsule—supplies calcium, phosphorus, 
iron and 8 vitamins in sufficient amounts to meet the in- 


creased needs of both mother and rapidly-growing fetus. 


DURING LACTATION 

OBron conveniently helps to meet the increased nutritional 
demands engendered by the accelerated glandular activity 
and the loss of large amounts of nutrients in the milk. 


J. B. ROERIG AND COMPANY « 536 Lake Shore Drive « Chicago 11, Illinois 
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In a clinical study extending 

over a period of a year, Long* 

used Edrisal as the sole medication 

in treating 630 employees for 
dysmenorrhea. Results were dramatic. 
He concluded, ‘‘We use it [Edrisal] 
with the knowledge that nine out of 


Remarkable ten sufferers will get the relief 


they seek.” 


results Edrisal combines the recognized 
analgesics—acetylsalicylic acid 
and phenacetin—with the unique 
«nti-depressant, Benzedrine Sulfate. 
in Consequently, it not only relieves 
the pain during the menstrual 
period, but also combats the 
(lys m p i 0 rh ep a accompanying psychic depression. 
Best results are usually obtained 
with a dosage of two tablets, repeated 
every three hours, if necessary. 


*Long, C.-F.,M.D.:Edrisal in the Management 
of Dysmenorrhea, Indust. Med. 15:679 (Dec.) 
1946. Indust. Nurs. 5:23 (Dec.) 1946, 


highly 
effective 
in the 


relief 


Smith, Kline & French Laboratories 
Of Philadelphia 


pain 
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FRTRON 


Steroid Complex, Whittier 


There is encouragement for the patient 
with Arthritis—and for his 
physician, too—because Ertron has 
done and can do so much. When the 


diagnosis indicates Arthritis, the 


answer very often is Ertron . . . the 

most widely prescribed anti-arthritic 
today. Reprints of extensive literature 
will be sent you on request. 


ext 
yrds 


Mi, af *Reg. U. S. Patent Off 
by ar on g. U. S. Patent Office 


ABORATORIES 


CHICAGO 


{ 
} 
| 
| 
] | 
. 
et 
‘di 
i [ERTRON 
i — 
* : 
4 


SAFER 
CHEMOTHERAPY 
which 


“avoids certain disadvantages”’ 


The combination of 


JA 
4 
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Sulfamerazine Microcrystalline. .1.5 Gm. (22 gr.) 
Sulfadiazine Microcrystalline. ...1.5 Gm. (22 gr.) 
is presented in Mer-Diazine. Equal parts of 
sulfamerazine and sulfadiazine have been found by 
Flippin et al* to lead ‘“‘to a markedly decreased 
incidence of crystalluria compared with that 
observed when either compound was administered 
singly . .. The use of sulfonamide mixtures avoids 
certain disadvantages associated with the 


administration of sodium bicarbonate .. .” 


Liquoid Mer-Diazine “7 presents a palatable, homogenized suspension of 


McNEIL 


these two sulfonamides. The microcrystalline form 
in which the drugs are present assures the most 
rapid absorption; slow excretion of sulfamerazine 
makes maintenance of a suitable blood level 
relatively simple; both sulfas penetrate readily into 
ascitic, pleural and cerebrospinal fluids. 

Liquoid Mer-Diazine provides convenience in 
administration—particularly useful in pediatrics. 
Warning: Sulfadiazine and Sulfamerazine may cause 
toxic reactions. 

Available in 4 fl. oz. and pint bottles. Samples on request, 


*Flippin, H. F. and Reinhold, J. G.: Ann. Int. 
Med., 25:433 (Sept.) 1946. 


LABORATORIES, INC., PHILADELPHIA 32, PENNSYLVANIA 
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Milk intolerance in adults may frequently be a cause of 
gastro-intestinal upsets, migraine, urticaria, etc., which may 
place milk on the “taboo” list. 

For such patients the easy digestibility and high nutritive 
value* of MULL-SOY make it an ideal milk substitute... by pro- 
viding a rich source of all essential amino acids in the form of 
soy proteins, together with the other nutritional values of 
fat, carbohydrate and minerals in quantities closely resembling 
those of cow’s milk when mixed in standard dilution (1:1). 


*Cahill, W. M., Schroeder, L. J. and Smith, A. H.: Digestibility and biological value of soybean 
protein in whole soybeans, soybean flour, and soybean milk, J. Nutrition, 28:209, Sept. 1944. 


BORDEN’S PRESCRIPTION PRODUCTS DIVISION, NEW YORK 
IN CANADA WRITE THE BORDEN COMPANY, LIMITED, SPADINA CRESCENT, TORONTO 


“rorsoen MIULE-SOY 


Literature containing “Tasty recipes MULL-SOY is a liquid emulsified food prepared from water, soy flour, soy oil, 
for Mull-Soy in milk free diets’ will dextrose, sucrose, calcium phosphate, calcium carbonate, salt and soy lecithin. 
be gladly sent on request. Homogenized and sterilized. Available 1514 fl. oz. cans at all drug stores. 
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the hazards of 


intensive sulfonamide therapy 


Aus, By combining sulfadiazine and sulfathiazole in a single 


preparation, the dangers of crystalluria and its troublesome complications are 
greatly reduced. Recent studies* have shown that the total urine solubility of two 
sulfonamides is greater than that of a single sulfonamide, since the presence of 
one exerts little influence upon the solubility of the other. Consequently, a 
greater total quantity of concurrently administered sulfadiazine and 
sulfathiazole can be dissolved in the urine than of either drug alone. 
Added renal protection is provided in Aldiazol by the presence of sodium 
citrate and sodium lactate which alkalinize the urine and further increase 
sulfonamide solubility. 
Rapid absorption of Aldiazol is promoted, since the contained sulfadiazine 
and sulfathiazole are in microcrystalline form. In consequence, higher blood 
levels are attained in shorter time than with ordinary sulfonamides. 
Aldiazol is indicated whenever sulfonamide therapy is called for. Because of 
its liquid form, it is especially useful in children, facilitating accurate dosage 
as well as administration. 

Each teaspoonful of Aldiazol contains: 


Sulfadiazine (microcrystalline) ..0.25 Gm. Sodium Citrate 
Sulfathiazole (microcrystalline) .0.25 Gm. Sodium Lactate..... ....+...0.60 Gm. 


*Lehr, D.: Proc.Soc.Exper.Biol.& Med. 58:11 (Jan.) 1945 


Microcrystalline 
Sultadiozine 
ond Sulfothiozole 
in on alkalizing 

vehicle contcining 


The S. E. MASSENGILL COMPANY 


Bristol, Tenn.-Va. 
NEW YORK - SAN FRANCISCO - KANSAS CITY 
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Whole protein is more efficient 

metabolically and. more practical clinically 

than any combination of protein fractions 

designed to be given by mouth. 

Whole protein is palatable, 

better tolerated, and acceptable. 

for longer periods of time. 

‘DeLcos'’ Granules provide whole prac if CG | 
proteins of highest biologic value 

(casein and protected p | ata b | e 
by carbohydrate, 30%. 

This unique combination is about : 
20% more effective biologically pro fein 
than beefsteak. 

‘Detcos’ Granules are palatable, 

even in large doses, and easily 

digested by all but 

those few patients who exhibit 


radical enteric dysfunction. 


When oral protein is indicated, 
supplement the diet 

with ‘DELCOS’ Granules, 

the protein that patients accept, 


dose after dose, day after day. 


COS 


protein-carbohydrate 


granules 
Supplied in |-lb. and 
5-lb. wide-mouthed jars. 


Sharp & Dohme, Philadelphia 1], Pa. 
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POSITIVE ROMBERG 


A positive Romberg test (Brauch-Romberg 
symptom) is one of the more characteristic 
evidences of cord involvement in pernicious 
anemia. Because of impaired position sense, 
the patient sways from side to side when he 
stands with feet together and eyes closed. 


Early, adequate and persistent therapy is 
essential for the prevention or control of 
spinal cord affection in pernicious anemia. 
This is most important since neural in- 
volvement may cripple or incapacitate the 
patient. The quality of the liver preparation 
employed thus becomes of utmost signifi- 
cance. In the production of ARMOUR 
LIVER PREPARATIONS every precaution 
is taken to assure therapeutic efficacy. The 
ARMOUR LABORATORIES has available 
the world’s largest supply of fresh raw 
animal material. Skill and care are exercised 
to preserve the active blood regenerating 
constituents of the fresh liver—the hemo- 
poietic principle as well as secondary fac- 
tors. The finished products are tested for 
potency on actual pernicious anemia pa- 
tients in relapse. 


Have confidence in the preparation you pre- 
scribe—specify “ARMOUR” 


Liver Liquid Parenteral 

4 U.S. P. Injectable Units per cc. (Crude). 1 ce., 
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Editorial 


Allergy Comes of Age 


HEN discoveries in science open up 
new avenues of approach to old 
problems in unrelated as well as in 


related fields, the usual tendency is to hur- 
riedly attempt application if there is any 
suggestion of practicability, to build on 
theories as though they were fact, to stress 
the particular technics employed and to 
enlarge the vocabulary with newly coined 
words of limited and special significance. 
This frequently leads to an unfortunate iso- 
lation of the subject, which suffers at the 
hands of enthusiasts until further study and 
wiser minds develop the germ of truth, if 
there be any, and discover that the under- 
lying principles based on fact actually are in 
harmony with those in other fields and that 
the new principles complement rather than 
oppose the old or exist independently of 
them. Of no field is this more true than of 
allergy which was opened up as the direct 
result of the discovery of anaphylaxis, in its 
turn a by-product of von Behring’s diph- 
theria antitoxic serum therapy. 

Not many years ago allergy was the neg- 
lected stepchild of the medical profession. 
To most physicians allergy merely indicated 
a few common but not vitally important 
diseases—hay fever, asthma, urticaria—and 
the allergist was regarded merely as a 
technician who did skin tests, the more 
extensive the better, which he assumed were 
a sort of diagnostic Rosetta stone. Unfor- 
tunately, this too frequently was warranted. 

Gradually but steadily the situation for 
allergy has improved. It is emerging from 
its adolescence, a period quite common to 


most new fields of science, because careful 
study on the part of many has brought new 
knowledge which evidences the basic sound- 
ness of its concepts. Today allergy stands at 
the threshold of real development, for the 
broader vision of many minds has served 
to extend its horizons and increase its appli- 
cability to the possible solution of many 
medical problems. 

It is interesting to note the extent in re- 
cent years to which allergy has. come to 
engage the attention of those in the basic 
sciences of medicine, biochemistry, im- 
munology and immunochemistry, pathology 
and pharmacology, as well as those imme- 
diately concerned with clinical problems, 
the internist, the pediatrician and others 
engaged in specialty fields. As proof that 
this is so, one need only read the contribu- 
tions in this symposium dealing with 
pathology, immunochemistry, applied im- 
munology and pharmacology, as well as 
those which concern themselves with such 
clinical phases as the important drug aller- 
gies, allergic dermatitis and the neuro- 
pathies, asthma and the relation of the 
psychic to the somatic manifestations of 
allergic disease. Allergy has shed its swad- 
dling clothes and its immaturity and must be 
reckoned with. 

A question of more than minor concern is, 
what are the medical schools doing for the 
undergraduate, and the hospitals for their 
interns and residents, in a field which re- 
quires their attention but to which they have 
had little or no introduction? A recent sur- 
vey of undergraduate allergy instruction in 
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Class A medical schools in the United States 
shows a rather deplorable lack of facilities, 
perhaps it would be more accurate to say a 
failure to utilize existing opportunities for 
teaching the principles of allergy and pro- 
viding a degree of clinical experience for the 
medical student. The responsibility for this 
must rest with the heads of departments who 
either fail to grasp the significance of allergy 
in relation to medicine, and this is certainly 
true of some, or, as is more probable, who 
cannot find time for an organized course in 
an already crowded schedule. That some- 
thing should be done is evidenced by the 
complete unfamiliarity of recently gradu- 
ated physicians, interns and general practi- 
tioners with the rudiments of a_ subject 
which they are promptly called upon to use. 

Anyone cognizant of the recent develop- 
ments in allergy and the increasing applica- 
bility of the concepts of allergy to problems 
in internal medicine and pediatrics must 
admit that it is an integral part of the basic 
medical sciences, bacteriology, immunology, 
pathology, pharmacology, physiology and 
clinical medicine. Bacteriology cannot be 
taught as it was a generation ago without 
reference to the tuberculin-type response of 
man to bacterial substances, the implica- 
tions of this response, and the general rela- 
tion of sensitivity to immunity. The course 
in immunology would be sterile without a 
consideration of experimental sensitization 
and such special technics as passive transfer, 
the Schultz-Dale and precipitin tests and 
transfer to normal human skin; this leads 
naturally to consideration of artificial sensi- 
tization of man to heterologous serum, 
serum disease and the subsequent allergic 
state which may be recognized by cutaneous 
and ophthalmic tests. In pathology the 
histologic responses are not to be under- 
stood without consideration of the underly- 
ing reasons for such tissue changes as the 
Aschoff bodies, periarteritis and fibrinoid 
degeneration, all of which introduce allergy 
as one of the possible factors in human dis- 
eases. Pharmacology cannot be adequately 
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taught without inclusion of the increasingly 
important subjects of drug allergies and 
the antihistaminic drugs and the reasons 
why they have come into being. 

So it is throughout all the basic courses, 
the fundamentals of allergy are part and 
parcel of them, and but little time is re- 
quired to point out their future clinical 
applicability so that the student may ap- 
proach his clinical years well grounded in 
the principles of allergy. A few lectures, 
three or four, early in the third year would 
then suffice to coordinate the theories and 
facts with such diseases as are considered in 
whole or in part to be based on sensitivity; 
for example, rheumatic fever, tuberculosis, 
syphilis, the erythema group, periarteritis, 
disseminated lupus and many of the derma- 
toses, as well as the recognized diseases of 
allergy—asthma, serum disease, urticaria, 
angio-edema and the various allergic reac- 
tions to drugs. 

Graduate education will automatically 
improve as undergraduate instruction such 
as outlined is adopted and as approved 
residencies in allergy are made more avail- 
able. With regard to the latter one point 
should be emphasized, namely, that no 
resident in allergy or in any other sub- 
specialty and restricted field should be 
accepted until the basic requirements in 
medicine or pediatrics have been fulfilled. 

In all such rapidly expanding subjects as 
allergy it is necessary from time to time to 
pause and evaluate what has been accom- 
plished. This symposium is an attempt to do 
just that, to take inventory of the present 
information in certain of the basic sciences 
and specialties of clinical medicine in which 
allergy appears to be a factor. It is the hope 
of the guest editors that these contributions 
will serve a useful purpose in furthering 
education in the realm of postgraduate 
medicine, which is one of the aims to which 
the American Journal of Medicine has dedi- 
cated itself. 


RosBert A. COOKE, M.D. 
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Symposium on Allergy 


Classification of the Histologic Reactions 


in Allergic Diseases’ 


Mitton G. BOHROD, M.D. 
Rochester, New York 


STOLOGIG changes have been de- 
scribed in practically every clinical 
and experimental state known or 
thought to be allergic. Whenever similar 
changes have been noted in diseases of un- 
known origin or uncertain nature, the 
allergic mechanism has been invoked as a 
possible factor; and indeed, with this as a 
clue, evidence of other sorts has, in some 
of these states, piled up to support such 
explanations. Implicit in this type of re- 
search and reasoning is the question of 
the pathognomonicity of the morphologic 
changes seen in allergic inflammations. It 
is probable, and some of the evidence to 
support this will be presented below, that 
none of the histologic lesions in allergic states 
can be said to be pathognomonic although 
several of them are highly characteristic. ' 
A second morphologic problem of con- 
siderable theoretic interest and some practical 
value is the classification of the numer- 
ous different lesions which have been 
described in allergic conditions. Classifica- 
tions are notoriously subject to violent 
controversies which usually arise out of a mis- 
understanding of the nature of classification; 
it may therefore be well to look into just 
what one does when he classifies anything. 
A classification is an arrangement of objects or 
phenomena according to a point of view. Usually 
it is possible to arrange the same objects 
according to more than one point of view 
and at times one may choose from an 
extremely large number of viewpoints. 
Each of these classifications is as tenable 


as any of the others. For classifications 
cannot be “right” or ‘‘wrong’’; they can 
only be useful or not useful. Even ‘“‘good”’ 
or “‘bad”’ can be applied to them only in 
relation to this usefulness. 

Classifications may themselves be classi- 
fied. For instance, they may be grouped 
according to the tools employed and the 
methods used by the classifiers. ‘Thus, when 
anatomic change is the basis, we have a 
pathologic classification; and when clinical 
signs and symptoms are employed, we have 
a clinical classification. Such classifications, 
limited to a rather narrow point of view, 
may be of great value for purely descriptive 
purposes and are often necessary first 
approximations to more valuable classifica- 
tions. It is when a classification according 
to one point of view correlates with classi- 
fications according to other viewpoints 
that the greatest usefulness is attained. 

A purely histologic classification of 
allergic states would be of some value, it is 
true, but certainly not of much clinical 
value. The classification herein attempted, 
however, shows interesting relationships to 
clinical and immunologic data and it is 
probable, therefore, that the histologic 
pictures observed are related to the clinical 
and immunologic phenomena. The reader 
should be warned, however, that this classi- 
fication is not a division into perfect, 
mutually exclusive groups. The position 
in the scheme of several of the conditions is 
uncertain; others seems to belong in two 
categories and many, alas, are mixtures of 


* From the Pathology Department of the Rochester General Hospital, Rochester, N. Y. 
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several. This classification is at best, then, 
tentative and will no doubt require frequent 
revision. 


PATHOGENESIS OF AN INFLAMMATION 


The allergic reaction results in injury to 
the tissues which is followed by that wide 
variety of changes subsumed under the 
general title of “inflammatory reactions.”’ 
A consideration of the elements which 
determine the anatomic changes seen in in- 
flammation will serve as one basis for 
classification and it will also make it easier 
to understand why, in all probability, no 
pathognomonic allergic reaction can be 
found. Traditionally, two important factors 
are recognized: (1) The strength of the 
inflammatory stimulus and (2) the re- 
sponsiveness of the host; or in Osler’s 
parable, the “‘seed’”’ and the “soil.’’ But 
this is not the whole story. There are two 
additional factors which greatly influence 
the anatomy of an inflammatory lesion, 
namely, (3) the rate at which the reaction 
develops or its velocity and (4) the time 
during which it is active or its duration. 
These additional factors are influenced, it 
is true, by the first two and are in part the 
result of the interaction between stimulus 
and reactivity; but, however they are pro- 
duced, they determine the anatomy of an 
inflammatory lesion. This fact has rarely 
been stipulated but has long been tacitly 
implied in such well known designations as 
acute, subacute and chronic. Beyond these, the 
hemorrhagic or necrotizing character of 
hyper-acute inflammations is well known. 

A minimum time is necessary before an 
injury can produce anatomic changes de- 
tectable by presently available methods. 
Death may ensue so rapidly, either because 
the stimulus is very strong or because the 
reactivity of the subject is so violent, that 
no anatomic changes are demonstrable; or 
the duration of the stimulus and the re- 
sponse may be so brief and restitution to 
normal so rapid that, again, no anatomic 
changes may as yet have been found. 

Sudden death without significant anatomic 
changes may occur when the exciting stimu- 
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lus is apparently minor or at least with 
stimuli which in the great majority of per- 
sons and animals produce little or no 
damage. Such deaths are seen in the mis- 
named ‘‘status thymico-lymphaticus,” in 
the fortunately rare hyper-reaction to small 
doses of drugs or after mental trauma.* 
Similarly, the anatomic changes observed 
in sudden death in anaphylactic shock are 
minimal, not in themselves sufficient to 
explain death and certainly not, in spite of 
repeated claims to the contrary, distinctive 
enough for a purely anatomic diagnosis. 
Certain other instances of sudden death 
without apparent adequate cause may be 
allergic.” In all of these, and in other similar 
instances, the characteristic feature is the 
marked hyper-responsiveness of the subject 
and I have proposed calling the phenome- 
non ‘‘Sudden Death in the Hyper-reactor 
State.” 

The number of elementary morphologic 
changes which enter into the anatomy of 
an inflammatory reaction is limited. They 
fall into four groups: (1) evidence of injury, 
(2) exudation, (3) proliferation and (4) 
repair. 

Evidences of injury include necrosis and 
the accumulation of abnormal substances 
in cells (degeneration). They may be very 
slight or, as in necrotizing inflammation, 
they may dominate the entire picture. 
Exudation is the accumulation o- substances 
from the circulating blood or lymph in the 
region of inflammation. To a large degree 
the severity of an inflammatory reaction is 
indicated by the complexity of the sub- 
stances which accumulate (serum, plasma, 
leukocytes, erythrocytes); and inflamma- 
tions are often classified accord ng to the 
dominant element of the exudation (serous, 
fibrinous, purulent, hemorrhagic). Pro- 
liferation of cells, either of those originally 
present in the area of inflammation or of 
those reaching the area from the blood 
stream, may lead to the most characteristic 


* I can well believe that it may be difficult to conceive 
of sudden death after mental trauma. I, too, might not 
believe in its existence if I had not myself seen such a case 
and performed the necropsy. 
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of all the features of “‘specific”’ inflamma- 
tions. Repair is, of course, an element of all 
inflammations which regress but in some 
it characteristically accompanies the ele- 
ments of active inflammation. 

It seems probable, as a result of the last 


cellular phenomena which follow are orderly 
and depend upon the kinds and amounts of 
the substances elaborated. The identity of 
the principal substance which is produced 
by tissue damage and which initiates the 
inflammatory sequence is still disputed. 


TABLE I 


DISEASES OF ALLERGIC AND POSSIBLY ALLERGIC ORIGIN* 


Classification 
of Histologic 
Lesions 


NECROTIZING: 
Tissue Selective 


Cell Selective 


ANAPHYLACTOID: 


| 


Diseases almost Certainly 
Allergic 


Arthus phenomenon 
Shwartzman phenomenon 
“Carbuncle” of kidney 
Diffuse cortical necrosis of 
kidney 


Diseases Which May Have 
Allergic or Non-allergic 
Causes 


Drug sensitivity 

Acute yellow atrophy of liver 
Acute pancreatic necrosis 
Necrotizing cholecystitis 
Necrotizing appendicitis 


Thrombocytopenic purpura 
Granulocytopenia 
Aplastic anemia 


Anaphylaxis 
Serum sickness 
Asthma 

Atopic dermatitis 


Sudden death in the hyper- 
reactor state 

Periarteritis nodosa 

Glomerulonephritis*® 


Diseases in Which Allergy has 
been Suggested but Evidence 
is Inadequate 


Encephalomyelitis*!:4? 
Demyelinizing diseases** 


Disseminated lupus erythema- 
tosus 

Scleroderma 

Dermatomyositis 


Pneumonia caseosa 
(tuberculous) 
Rheumatic pneumonia“ 


GRANULOMATOUS: 
Tuberculoid Tuberculosis 
Brucellosis 
Tularemia 
Sporotrichosis 


Coccidioidomycosis 


Thrombo-angitis obliterans*® #7 
Temporal arteritis ** 

Loeffler’s syndrome*® 
Eosinophilic granuloma of bone 
Reiter’s disease®° 


Histoplasmosis 


Rheumatic fever 
Rheumatoid arthritis 


Rheumatoid 


Rheumatoid scleritis 


‘“‘Giant-cell” rheumatoid granulomas 


Sympathetic ophthalmia®! 5? 


* References to literature only in those diseases not mentioned in the body of the paper. 


ten years’ investigation into the chemistry 
and physiology of the inflammatory reac- 
tion,® that the initial impulse for the tissue 
changes is derived from substances released 
by the action of the injurious agent upon 
tissue cells, that these substances have very 
specific chemical structures (some of them 
have even been crystallized) and that the 
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Some believe it to be histamine or a “‘hista- 
mine-like substance.’’ Menkin® claims it is 
different from histamine and has named it 
leukotaxine. 

The relevance of these concepts for 
allergic inflammation must be immediately 
apparent, regardless of whether histamine 
is the substance concerned or whether the 
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antigen-antibody reaction injures tissue and 
elaborates leukotaxine.‘ There is certainly 
little in such ideas concerning the patho- 
genesis of allergic inflammation to lead to 
the expectation that the histology of a lesion 
so produced will always differ from other 
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ously my own notions of how the diseases 
fit into such a scheme and considerable 
disagreement will be found in this respect. 
Several important clinical and immu- 
nologic correlations are immediately appar- 
ent. The necrotizing and the exudative 


TABLE II 
CORRELATION BETWEEN HISTOLOGIC CLASSES AND CLINICAL AND IMMUNOLOGIC PHENOMENA IN ALLERGIC 
DISEASES 


Clinical 
Course 
(Velocity) 


Type of 
Clinical 
Reaction 


NECROTIZING: Immediate | Rapid 


Short 


ANAPHYLACTOID: Immediate | Rapid | Short to 


GRANULOMATOUS: 


Tuberculoid Delayed 


long 


Rheumatoid Delayed Slow Long 


: Skin | Antibody | Specific | Eosino- 
Duration | 
| | Reaction | 


| Oor + 
| Necrosis | | 
| Wheal 
moderate | type + 


lin type 


| | 


| 


Necrosis 
in Serum _Infection| philia 


QOor+ {Oor + |Oor + 


(Diffuse) 
Frequently 0 | + 

| (Fibrinoid) 


Variable | Short to Tubercu- | | ++ 
(Caseous) 

++ 
(Fibrinoid) 


non-allergic inflammations. What is appar- 
ently characteristic of allergic inflammations 
is their velocity and duration and similar 
lesions may be the result of other than 
allergic stimuli if the velocity and duration 
are the same. 


A CLASSIFICATION OF HISTOLOGIC LESIONS 


IN ALLERGY 
1. Necrotizing 
(a) Organ-selective 
(b) Cell-selective 
u. Anaphylactoid (exudative) 
i. Granulomatous 
(a) Tuberculoid 
(6) Rheumatoid 
Table 1 lists the clinical entities which 
seem to fit into the above classifications, 
divided into three groups: Those which are 
almost certainly allergic, those which are 
sometimes allergic but may have other 
causes and those which have histologic 
similarity to allergic lesions and for which 
an allergic mechanism has been claimed 
but with no good clinical or immunologic 
evidence for such claims. These are obvi- 


(anaphylactoid) lesions include all those 
conditions which clinically fall into the 
“immediate” reactions, the granulomatous 
lesions those which are the “‘delayed”’ reac- 
tions.® Not all instances which fall into the 
first two groups have positive skin reactions 
but, when such reactions occur, they are 
almost always of the wheal type. All the 
lesions of the tuberculoid granulomatous 
type have positive skin tests but they are of 
the tuberculin type. The rheumatoid group 
has no characteristic skin reaction. Circu- 
lating antibodies have not been identified 
in all instances in any of the subdivisions 
but almost all in which they have been 
identified fall into the anaphylactoid group, 
a very few in the necrotizing and none in the 
granulomatous.* There are differences in 
the necrosis in tuberculoid and rheumatoid 
reactions; there is also the striking fact that 
in the first of these a living agent (bac- 
terium, fungus, or virus) is identifiable and 


* Under very special conditions circulating antibody 
may be detected in tuberculosis.* Fundamentally, there 
may be no immunologic difference but for clinical 
purposes the difference is important. 
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in the second group no single organism has 
been implicated. 

Thus it can be seen that the classifica- 
tion of allergic lesions according to histology 
has clinical and immunologic implications. 
These are summarized in Table n. 


NECROTIZING LESIONS 


Necrosis is present in some degree, usually 
slight or moderate, in almost all of the 
histologic lesions of allergy. In certain of 
them, however, necrosis dominates the 
whole picture or may even be the sole 
anatomic feature. The Arthus and Shwartz- 
man phenomena of experimental allergy 
are such lesions and they have their 
counterpart in human disease. 

Anatomically, the lesions are charac- 
terized by diffuse necrosis involving paren- 
chymal cells, interstitial tissue, vascular 
structures and anything else in the area. 
(Fig. 1.) There is often a sharp boundary 
between areas of necrosis and normal tissue 
and one can imagine that the limits of the 
necrosis are determined by the diffusion of 
an antigen in a sensitized subject. Nuclear 
débris may be a striking feature in the 
necrotic zone. Around the area there is a 
variable amount of infiltration with inflam- 
matory cells, usually neutrophil leukocytes. 
Eosinophilia is rare. In very rapidly fatal 
cases the peripheral cellular reaction may 
be entirely absent. 

Several human pathologic states probably 
fall into this group of allergic necrotizing 
inflammations. Characteristic examples are 
the closely related conditions known as renal 
carbuncle and diffuse cortical necrosis of 
the kidney. Characteristically, these are 
preceded by renal infection of some kind 
(local sensitization) followed by a very sud- 
den widespread necrosis of renal substance. 
Characteristically, too, this condition occurs 
as the result principally of two kinds of 
renal infections: Most of them are staphy- 
lococcic in origin and the remainder are 
usually due to pyocyaneus infections. Both 
of these organisms, it will be noted, produce 
soluble toxins. 
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Similar clinical and pathologic pictures 
of sudden onset, diffuse necrotization and 
little or no inflammation at the onset are 
seen in a variety of fairly common diseases 
which from time to time have been said 
to be allergic in origin. It is probable that 
the antigen-antibody reaction plays a part 
in some instances of these diseases but that 
they can be elicited by mechanisms other 
than the allergic reaction. Among the con- 
ditions claimed to be related to the Arthus 
or Shwartzman phenomena are acute pan- 
creatic necrosis,’ necrotizing inflammation 
of the appendix,® acute gangrenous cho- 
lecystitis and, above all, various types of 
drug hypersensitization. It has been claimed, 
for instance, that the sensitization to 
cinchophen is an example of the Arthus 
phenomenon. 

Now, it is here particularly, where drug 
hypersensitivity is being considered, that it 
is possible to see clearly the non-pathogno- 
monic character of these lesions. Obviously, 
in cinchophen and other such hypersensi- 
tivities we are dealing with minute quanti- 
ties of drugs to which most people exhibit 
no sensitivity and there are other evidences 
for the assumption of an allergic mech- 
anism.* Exactly similar lesions, however, 
can be produced by other drugs without any 
evidence of previous sensitivity. Thus, the 
necrosis of the liver, which is thought to be 
an Arthus phenomenon in cinchophen 
poisoning, is certainly a primary degenera- 
tion in chloroform, mushroom, arsenic or 
phosphorous poisoning. Primary necrosis 
of tissues may also result from vitamin 
deficiencies.*° 

A phenomenon worthy of note in con- 
sidering necrotizing inflammations due to 
drugs is organ specificity. Thus, cinchophen 
affects the liver but only rarely other organs, 
such as the pancreas.'’ Organ selectivity is, 
of course, even better known with primary 
destruction by chemical substances.'° 

The specificity of a chemical substance, 
however, may not be for a large organ but 
for a particular type of cell. ‘Thus, following 
the use of gold, arsphenamine and especi- 
ally sedormid,'? many cases of thrombo- 
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cytopenic purpura were reported. The 
question of hypersensitivity in such instances 
and the relation of this hypersensitive state 
to a possible antigen-antibody reaction may 
be disregarded at this point in the discus- 
sion. It is important to remember, however, 
that similar destruction of blood platelets 
and production of purpuric states is well 
known as a result of protein hypersensitiza- 
tion and the antigen-antibody reaction.'* 
Similarly, leukopenic states may be the 
result of either drug hypersensitivity or 
protein hypersensitivity. Although in these 
conditions no actual necrosis may be demon- 
strated histologically, it is assumed that the 
antigen-antibody reaction destroys the in- 
dividual cells wherever they occur or at 
their site of origin. In favor of this view is 
the recently reported experimental work of 
Squier and Lee" who were actually able to 
demonstrate the progressive destruction of 
leukocytes in vitro. The high degree of 
antigen-antibody selectivity and specificity 
is well known in the allergic states but the 
high degree of organ or even cytologic 
specificity of these reactions requires much 
more study. 


ANAPHYLACTOID ALLERGIC LESIONS 


This group of lesions is characterized 
clinically by quick onset, relatively short 
course and often equally rapid regression, 
that is, by the “immediate” reactions of 
allergy. It is characterized pathologically by 
predominantly exudative changes: edema, 
swelling of collagen fibrils and in some cases 
degeneration and* fibrinoid necrosis of 
collagen. The diseases which make up the 
bulk of an allergist’s practice fall into this 
group as well as some interesting conditions 
whose position as allergic is equivocal. 

Many of the anaphylactoid lesions are at 
a presto tempo, sudden in onset and short 
in duration. There is not time for anatomic 
change other than edema and the tissues 
are soon restored to a normal state. The 
edema may be seen grossly but in cases of 
acute edema it may not easily be demon- 
strable under the microscope since the 
technical methods employed by the his- 
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tologist, such as fixation, sectioning and 
especially dehydration, cause the tissues to 
shrink and revert to their pre-edematous 
appearance. It must be noted that this 
histologic simplicity has no relation to 
clinical severity; for in these edematous 
lesions one may include both simple urti- 
caria on the one hand and fatal angioneu- 
rotic edema and anaphylaxis on the other, 
in all of which the anatomic findings are 
simply those of increased fluid at the site 
of the lesion. 

A relatively simple lesion of this group 
(allergic coryza) is illustrated in Figure 2. 
The lesion is not fresh for the edema is 
chronic and the tissues did not shrink in the 
dehydrating process but essentially the 
lesion presents only edema, with a few 
inflammatory cells, some of them eosinophil 
leukocytes. 

If the allergic insult be repeated often 
enough, restitution may not be entirely to 
normal and anatomic changes may be en- 
countered which are the beginning of the 
secondary phenomena observed in _ allergic 
states. Here, no doubt, is the explanation 
for such frequently described lesions as 
“hypertrophy of muscles and vessel walls,” 
“thickening of basement membrane’’ and 
others. Many of the changes in the skin of 
allergic dermatoses are secondary and 
non-specific. 

The cellular exudation varies in degree 
and kind. Thus, in very acute lesions the 
only cells present may be _ neutrophil 
leukocytes and these may be very numerous. 
In other more chronic lesions large phago- 
cytic cells, i.e., monocytes or histiocytes, 
may be numerous or even predominate. 

There is a tendency for all of these 
lesions, from the most acute to the most 
chronic, to contain a number of eosinophil 
leukocytes. So common is this phenomenon 
that eosinophilia has perhaps been over- 
emphasized in the diagnosis of allergic 
histologic lesions; and the presence of 
eosinophilia has, from time to time led to 
the suspicion, for no other reason than the 
eosinophilia itself, that the disease may be 
allergic. For example, eosinophilic granu- 
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loma of the bone has recently been con- 
sidered as possibly allergic in origin.1® 

I have discussed elsewhere at some length! 
the problem of eosinophilia in allergic and 
non-allergic diseases and will therefore 
limit this discussion to a statement of 
conclusions. Tissue eosinophilia is a highly 
characteristic finding in allergic lesions of 
the anaphylactoid type but it is not patho- 
gnomonic. It is highly characteristic for 
some non-allergic states (Hodgkin’s disease, 
for instance) and is common in a wide 
variety of lesions. Furthermore, the absence 
of eosinophilia from a lesion does not 
necessarily mean that it is not allergic. 

The necrosis which occurs in anaphylac- 
toid lesions differs from that of both the 
predominantly necrotizing and the granulo- 
matous lesions. In most instances it affects 
collagen and exhibits staining reactions 
resembling that of fibrin, hence /ibrinoid 
necrosis. ‘Che distribution is focal and the 
foci are usually small and sharply delimited. 
Thus, in periarteritis nodosa (Fig. 3) only a 
segment of the wall of an arteriole may be 
involved while the remainder of the wall is 
intact. 

Fibrinoid necrosis is a _ characteristic 
finding in periarteritis nodosa, so much so 
that one of the many synonyms of the disease 
is ‘‘necrotizing arteritis.”” The evidence is 
good that periarteritis nodosa may be the 
result of allergic mechanisms.!® It is almost 
inevitable, therefore, that other diseases 
which exhibit fibrinoid necrosis should be 
considered as possibly allergic. ‘Thus, dis- 
seminated lupus erythematosus and derma- 
tomyositis, both of which are collagen 
diseases!’ with marked fibrinoid changes 
and both of which may be associated with 
periarteritis nodosa-like lesions,'* have been 
considered allergic. ‘There is no conclusive 
evidence that the allergic mechanism oper- 
ates in these conditions, although it is 
entirely possible that allergy may be re- 
sponsible in some instances. 

Brief consideration must be given to peri- 
arteritis nodosa. The study of this disease 
has stimulated renewed interest in allergic 
mechanisms in a variety of conditions and 
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especially in rheumatic fever and rheuma- 
toid arthritis. Furthermore, the elucidation 
of the mechanisms by which it may be 
produced might mean that we shall have 
to re-evaluate certain therapeutic pro- 
cedures such as serum therapy and the use 
of sulfonamides. The original idea that 
periarteritis nodosa might be allergic was 
based on pathologic studies!® but the most 
important work has been that of Rich and 
his associates'® who produced the disease 
by the injection of relatively large doses of 
foreign serum. Later”® a relation to sulfona- 
mide drugs was noted. Association with 
disease of undisputed allergic nature was 
found in not a few cases, especially with asth- 
Recently, association with granu- 
lomatous lesions has been reported.?® 
Necrotizing arteritis has been seen in 
glomerulonephritis, in tuberculous menin- 
gitis?* and, as noted above, in disseminated 
lupus erythematosus and in dermatomyosi- 
tis. Exactly similar lesions have been pro- 
duced with hormones,”*?* carcinogens and 
in other ways which probably are not 
allergic. 

Two solutions are possible for the rela- 
tionship between periarteritis nodosa and 
allergy: The first is to accept the allergic 
theory and to say that all of the reported 
lesions are not “‘true”’ periarteritis nodosa 
but only resemble it. But in the absence of 
unequivocal etiologic criteria and with so 
variable and protean a clinical picture, 
anatomic criteria are the only criteria 
which can be depended upon to decide 
what constitutes periarteritis nodosa. For 
this reason the second solution seems to be 
the better one, namely, that anything which 
looks like periarteritis nodosa 7s periarteritis 
nodosa and that this condition has several 
perhaps many causes, one of which. is 
allergy. This way of looking at the matter 
has the further advantage of the possibility 
of there being a common factor in all these 
states inclusive of allergy. One very interest- 
ing one has already been proposed by 
Selye?’ under the designation, ‘‘adaptation 
syndrome” and the “‘diseases of adaptation.” 

Rich?® and others?® have presented good 
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Fic. 1. ““Carbuncle”’ of the kidney. Chr 


ensive 


necrosis (left). Evidence of pyelonephritis in renal tubules (right). 
Fic. 2. Allergic coryza. Extreme edema and hyperemia. Slight cellular infiltration. Extruded cells at left include 


many eosinophile leukocytes. 


Fic. 3. Periarteritis nodosa. Necrotizing arteriolitis. Notice fibrinoid necrosis of only part of the wall of the vessel. 


Fic. 4. Aschoff nodule, acute rheumatic myocarditis. 


evidence that the Aschoff nodule in the 
myocardium in rheumatic fever (Fig. 4) is 
the result of anaphylactoid hypersensitivity. 
It is therefore included’ in this group 
although it shows some anatomic character- 
istics of the granulomatous lesions described 
below. The extramyocardial lesions of rheu- 
matic fever, however, definitely belong with 
the granulomatous lesions. 


GRANULOMATOUS ALLERGIC REACTIONS 


A granuloma is a nodular, almost tumor- 
like structure made up of inflammatory 
cells which have proliferated locally. Some 
granulomas, including some of those we 
shall discuss below, are of macroscopic size 
which the foregoing definition intimates; 
but a large number of them, and certainly 


the units of which even the larger ones are 
composed, are microscopic nodules. All 
granulomas are the result of inflammation 
but not all of them are the result of infec- 
tion. Thus, a very important class of granu- 
lomas is due to foreign bodies or to 
hemorrhage or other degenerative pheno- 
mena. The essential structure of all the aller- 
gic granulomas consists of a central area of 
necrosis surrounded by proliferated reticu- 
loendothelial cells which often assume a 
radial, palisaded arrangement. Other fea- 
tures of the granulomas are variable and 
probably have little or no relation to the 
allergy. Giant cells, either of the foreign 
body type or of the Langhans type, may or 
may not be present. They may be entirely 
absent in tuberculosis (Fig. 5) and may be 
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Fic. 5. Tuberculos is. Inthis case almost none of the tubercles showed giant cells. Tubercle bacilli were numerous. 
Fic. 6. Rheumatoid granuloma. Skin nodule in the scalp. 


Fic. 7. Granuloma in a case of periarteritis nodosa; many giant cells. 
Fic. 8. Rheumatoid scleritis. Fibrinoid necrosis of the collagen surrounded by granuloma. 


very numerous in non-tuberculous granu- 
lomas. (Fig. 8.) The suspicion of tuberculo- 
sis every time a giant cell is present is one 
of the most reliable evidences that the 
pathologist is an amateur. Non-allergic 
granulomas may have all the features of 
the allergic granulomas except that they 
lack necrosis. 

In some allergic granulomas the central 
area of necrosis is in the proliferated inflam- 
matory tissue and is called caseation necro- 
sis. In others the necrosis is in pre-existing 
collagen and is called fibrinoid necrosis. 
This anatomic difference delimits two 
groups of granulomatous allergic lesions, 
the tuberculoid and the rheumatoid. It is a 
remarkable fact that these two groups are 
also differentiated by clinical phenomena: 
The tuberculoid granulomas are all caused 
by well known living agents and give posi- 
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tive tuberculin-like skin tests with appro- 
priate antigens; while in the rheumatoid 
lesions no single living agent has been 
identified as the cause, (there is, indeed, 
reason to believe that there may be more 
than one cause) and no characteristic skin 
tests are known. ; 
Tuberculoid Allergic Lesions. At one time 
the histologic diagnosis of tuberculosis was 
a matter of utmost simplicity. Gradually 
it has been recognized that there are many 
nodular lesions which resemble tuberculosis 
but are not tuberculous. On the one hand 
there are foreign body reactions (especially 
those due to silicates, including talcum 
granulomas) and sarcoidosis, all of which 
lack central necrosis. On the other hand 
there are infections such as_ brucellosis, 
tularemia, sporotrichosis, lymphopathia 
venereum and coccidioidomycosis. Tubercle 
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bacilli are, therefore, searched for in tissue 
sections today more often than they were a 
generation ago. 

The characteristic tubercle occurs as a 
reaction to tubercle bacilli only after sensi- 
tization to tubercle bacilli has been estab- 
lished.*® There is good reason to believe 
that the necrosis is entirely the result of 
tuberculo-protein acting in a_ sensitized 
subject. The peripheral portions of the 
tubercle, and particularly the giant cells 
and histiocytes, can be elicited by dead 
tubercle bacilli or by lipoid fractions of 
tubercle bacilli. Lipoids, it will be remem- 
bered, are the most potent single excitant 
for giant cell production. 

One of the non-caseating tuberculoid 
lesions, sarcoidosis, deserves special mention 
because of its clinical relationships to 
tuberculosis. The histiologic lesions of sar- 
coid lack the necrosis of allergic granu- 
lomas; correspondingly, they almost always 
have a negative tuberculin skin test and 
therefore lack clinical evidence of tuberculo- 
allergy. Tubercle bacilli are rarely found in 
sarcoid lesions but occasionally are fairly 
numerous. (Fig. 5.) I have seen lesions histo- 
logically identical with sarcoid (even show- 
ing asteroid inclusions in giant cells) around 
foreign bodies (plant cells, talcum, lipoid 
accumulations). For these and other reasons 
[ think it is probable that sarcoidosis is essen- 
tially a foreign body reaction in which non- 
pathogenic tubercle bacilli are commonly 
the exciting foreign body. * 

The caseating tuberculoid lesions may 
all appear the same on histologic examina- 
tion. They have this feature in common, 
that in all of them positive skin tests of 
the tuberculin type may be obtained. It 
is probable that the similarity in histologic 
structure is due to the similar kinds of aller- 
gic states and that the minor differences, 
more of statistical than of pathognomonic 
importance, are due to differences in the 
causative micro-organisms. 


* I once mentioned this notion to Dr. Paul Klemperer 
who intimated that he held similar ideas (I hope I am 
not misrepresenting him) and in support he read to me 
a reference to the fact that non-pathogenic tubercle 
bacilli have higher lipoid content than pathogenic ones. 
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* One word of caution and just one indica- 
tion that the pristine simplicity of classifica- 
tion must not be gulped down whole. 
Histoplasmosis is a fungus infection in 
which positive tuberculin-like skin tests can 

‘be obtained with appropriate antigens 

(histoplasmin). Yet its histology does not 
even faintly resemble allergic reactions of 
any kind but instead consists of a simple 
stuffing of reticulo-endothelial cells with 
fungi. Does this reticulo-endothelial “‘block- 
ade’ alter the tissue reactions? Or is it 
relevant at this point to know that the 
specificity of the histoplasmin reaction has 
been questioned? 

Rheumatoid Granulomas. ‘The subcutane- 
ous nodules, joint lesions and the less com- 
mon lesions of both rheumatic fever and 
rheumatoid arthritis show very’ similar 
histologic structure. (Figs. 6 and 8.) The 
characteristic features of these lesions is the 
fibrinoid necr:sis of pre-existing collagen in 
the centers of the granulomas. The necrosis 
tends to be more marked in the lesions of 
rheumatic fever which corresponds to the 
more rapid clinical course of this lesion as 
compared with most cases of rheumatoid 
arthritis. This and other minor differences 
in the frequency with which some parts of 
the granuloma occur in rheumatic fever 
lesions on the one hand and in rheumatoid 
arthritis on the other are slight and insuffi- 
cient to distinguish the two on histologic 
grounds.*! 

There exist certain lesions whose structure 
is basically that of the rheumatoid granu- 
lomas but whose relation to rheumatoid 
lesions is still disputed. One group of these 
will serve as an example. Two lesions of the 
sclera have been described, both of them 
rare, which have identical histologic lesions 
resembling the rheumatoid granuloma. 
Differences in the distribution of the lesions 
in the sclera and certain minor clinical 
differences have been described in brawny 
and scleromalacia perforans.**3° 
Based on the very small number of reported 
cases, it is said that scleromalacia perforans 
is regularly associated with rheumatoid 
arthritis, whereas brawny scleritis is usually 
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not so complicated. Recently we have seen 
an instance of this kind in which the arth- 
ritis was severe, the clinical features of both 
scleromalacia and brawny scleritis were 
present and the distribution of the lesions 
was that of both conditions. The essential 
elements of the histologic lesions were those 
of rheumatoid granulomas. (Fig. 8.) We 
believe that the similarities between these 
two diseases are more important than the 
minor differences and we propose that the 
two be subsumed under the single designa- 
tion, ‘‘rheumatoid scleritis.’’*® 

More common than the eye lesions are 
granulomas in the respiratory tract, espe- 
cially in the nose. These often contain large 
numbers of giant cells and have frequently 
been called ‘“‘giant-cell granulomas.” Their 
lethal nature has been well known.*? 
RGssle*® first identified them as accentu- 
ated forms of ‘‘rheumatism’’ and noted 
their relation to vascular lesions. They were 
then described as occurring in borderline 
forms of periarteritis nodosa*® and finally 
several reports appeared?**° in which the 
granulomas and periarteritis nodosa were 
definitely associated. Figure 7 is from a 
recent case in which, after the usual mis- 
diagnosis of tuberculosis (see the giant 
cells), the diagnosis of granuloma and peri- 
arteritis nodosa was made from a nasal 
biopsy. 

In spite of the striking evidence that the 
lesions in this group are characteristically 
allergic, the absence of immunologic corrob- 
oration makes their position somewhat 
equivocal and their location in Table 1 is 
intended to portray this fact. 


SUMMARY 


An attempt to classify the histologic 
lesions seen in allergic diseases is herein 
presented. It is shown that anatomic dif- 
ferences in these lesions divide them into a 
relatively small number of groups, each of 
which has not only a certain histologic 
identity but clinical and immunologic 
similarities as well. 

Pathognomonic significance cannot be 
claimed for any of the lesions described 
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but all of them are highly characteristic 
and their presence suggests allergy as a 
possible cause. Many of the lesions can, no 
doubt, be caused by both allergic and non- 
allergic mechanisms. 

The position of some of the diseases in 
this classification is uncertain and may 
have to be changed. It is hoped, however, 
that the classification may suggest con- 
siderations which will clarify these anoma- 
lous positions and lead to a more useful 
classification. 
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The Immunology of Allergic Disease’ 


ROBERT ANDERSON: COOKE, M.D. 
New York, New York 


N writing on allergy, especially in its 
broader phases, it is still necessary for 
the author to interpret what he means 

by the word. This is more readily done by 
explanation than by definition. That state 
of well being which we call health results 
from the proper or normal action, reaction 
and/or interaction of the vital cells of the 
body. Disease, however, for the most part 
is the response of cells to an abnormal en- 
vironment that is created by too much or 
too little of the normal products of nutri- 
tion, or of the various glandular secretions 
or is the result of poisons from without or 
within including those of invading bacteria 
and viruses. All of these disease-producing 
factors exhibit more or less widespread 
evidence of organic or functional disease 
through their direct effect or action, either 
positive or negative, on various tissue cells. 
On the other hand, there is another group 
of agents which produce toxic effects by 
indirection. ‘They are those substances, them- 
selves usually harmless, which exert pro- 
found and even lethal effects upon tissue 
cells because of a specific sensitization. 
Such reactions, when mediated by an 
antibody mechanism, constitute allergy. 
Under this broad interpretation many 
manifestations are encountered with varied 
etiology, pathology, immunology and symp- 
tomatology, affecting the cells of many 
tissues and organs and often having no 
apparent relationship. However, a common 
denominator which justifies the use of the 
word ‘‘allergy” can, I think, be found in 
the fact that the tissue responses are based 
upon the proved or reasonably assumed 
existence of a cellular antibody that has a 
specific affinity for an antigen which when 
present becomes linked to the sensitized 


cell. This causes a cellular response that is 
varied, depending upon the character, 
function or type of cell, the chemical nature 
of the antigen, the type of contact and the 
immunologic mechanism. The fact is, how- 
ever, that the resultant reaction is always 
“faltered” from that of the same substance 
in contact with non-sensitized cells. 

This concept of allergy is somewhat at 
variance with the original ‘“‘altered reac- 
tions” for which the word allergy was 
coined by Von Pirquet;' he was describing 
the quantitative variations of the anamnes- 
tic reaction rather than the qualitative 
changes which result from an _ existing 
sensitization and for which the word has 
been appropriated 

As to the details of the chemistry and 
pharmacology of those substances which 
are derived from the action of antigen on 
sensitized cell, there is still little precise 
knowledge. In that immunologic reaction 
exemplified by animal anaphylaxis and by 
serum ‘shock, studies have shown that 
histamine or a histamine-like substance is 
at least one of the toxic agents released from 
the cells in which it exists in a bound state. 
Through its pharmacologic action on cells 
histamine produces edema and hyperemia 
which are characteristic of the immediate 
wheal-type allergic reactions. Under ap- 
propriate conditions smooth muscle con- 
traction also occurs. But this is about as far 
as one can go today. Why tuberculin pro- 
duces its inflammatory effects only on those 
cells sensitized by a prior tuberculous infec- 
tion and why the phenols of plants like 
poison ivy produce the irritative reaction 
of dermatitis only on persons previously 
sensitized to the plants is not known. On a 
priori grounds there must be other agents 


* From the Division of Allergy of the Roosevelt Hospital, New York City. 
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than histamine for the action upon sensi- 
tized cells of tuberculin, poison ivy and 
similar allergens bears no resemblance to 
those effects which histamine or other 


products of the anaphylactic reaction are 
able or known to produce. This thought is 
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diseases of man and the subsequent studies 
in the field of human allergy, it has become 
clear that certain types of sensitization are 
readily developed artificially in animal and 
man to such an extent that they must be 
regarded as normal or, as I’ originally 


ALLERGY 
(Antigen-sensitized Cell Reactions) 


* IMMEDIATE 
(Wheal-type) 


(2) Spontaneous 
(Hereditary) 


(1) Induced 
(Physiological) 


Anaphylaxis Allergic Coryza 


Asthma 


Urticaria 


Arthus Lesion? 

Serum Disease 
Angio-edema 

* Antibody mechanism has been demonstrated. 


entirely in keeping with and analogous to 
that of Menkin® who has described the 
many agents in inflammatory exudates such 
as leucotaxin, necrosin, pyrexin and the 
leukocytosis promoting factor, each produc- 
ing its own special effect. 


AN IMMUNOLOGIC CLASSIFICATION 


When one observes the different types of 
accepted antigen-antibody activity, one 
single fact stands out above others:: Either 
the reactions are ‘‘immediate”’’ (within one 
hour) or they are “‘delayed”’ for several days, 
assuming of course the pre-existence of the 
sensitized state; for example, the develop- 
ment of serum disease after the normal in- 
cubation period does not represent delayed 
reaction, for once antibody has been pro- 
duced, the reactions of antigen on sensitized 
cell are prompt. 

On this basis an attempt has been made 
to schematize the various reactions, and 
while such a classification as the following 
may not and probably will not be entirely 
adequate or permanent, it will serve as a 
framework for this immunologic discussion. 


IMMEDIATE REACTIONS (WHEAL-TYPE) 


As a result of the discovery of anaphylaxis, 
the application of its principles to certain 


CR lil Tuberculin Type (2) Dermatitic Type 


DELAYED 
(Inflammatory) 


| 
(3) Vascular Type 


Intrinsic Dermatitis Arthus Lesion? 


| 
* Extrinsic Dermatitis Asthma Infective 


Sinusitis 


Periarteritis 


Lupus Disseminatus 


termed them, physiologic responses to anti- 
genic stimulation. This is in marked con- 
trast with a group of human (occasionally 
animal) reactions that develop spontane- 
ously and in which an hereditary factor 
plays a significant réle. As we see it today, 
practically all human beings are sensitized 
by heterologous serum (90 per cent*), by 
the phenols of ivy (70 per cent®), by tuber- 
culous infection (100 per cent) and by 
certain drugs (nirvanol 80 to 90 per cent); 
whereas only a small fraction of mankind® 
(10 per cent) develop the spontaneous 
clinical allergies upon natural exposure to 
airborne and ingested allergens. 

However, the hereditary factors involved in 
both artificial and spontaneous sensitization 
are extremely complex. In animals the 
importance of heredity was demonstrated 
by Webster’ in strains of mice with high 
and low susceptibility to mouse typhoid 
infection and by Chase* who developed 
strains of guinea pigs with high and low 
susceptibility to sensitization (dermatitis) 
with simple chemicals and poison ivy. ‘The 
fact is that clinical studies®*!*'' in man 
have shown that heredity is certainly a 
significant factor in the spontaneous aller- 
gies of man and may likewise be a factor, 
though less apparent, in susceptibility to 
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sensitization on contact with known aller- 
gens. A recent paper by Neel!? discusses 


more fully the complexity of the genetic - 


factors involved in inherited disease. There 
are very considerable differences in the 
degree of susceptibility of man to parenteral 
injections of horse serum; but 10 per cent 
develop serum disease after small (5 to 
10 ml) doses whereas with large amounts 
(100 ml) the symptoms occur in 90 per 
cent. That this susceptibility is individual 


and selective as well as dependent upon . 


factors of antigenicity is indicated by the 
studies of Landsteiner et al.'* and by general 
clinical observation. 


INDUCED ALLERGIES 


Animal Anaphylaxis: Since Richet’s'* work 
on actinia in 1902 and that of Theobald 
Smith'® on diphtheria antitoxin in 1904, 
anaphylaxis has been extensively studied 
and is the basis for the concept of human 
allergy. When a small dose (0.1 to 1.0 ml) 
of horse serum is parenterally injected into 
a normal guinea pig, there is no observable 
effect. When this dose is repeated in a week 
or ten days or after longer intervals (up to 
two years), there is an immediate reaction 
(anaphylactic shock) with dyspnea, cough, 
convulsions and frequently death in a few 
minutes though the animal may recover. 

Members of almost all of the animal 
kingdom appear to be susceptible to sensi- 
tization in varying degrees but the guinea 
pig appears to be most readily sensitized 
and the rhesus monkey one of the least. 
Regardless of the antigen used, the symp- 
toms are the same in any one species but 
vary widely in different species. In the 
guinea pig death is due to asphyxia from 
bronchospasm but there is also contraction of 
all smooth muscle. The lungs are markedly 
emphysematous. In the dog there is vomit- 
ing, bloody diarrhea and collapse. The 
liver and abdominal organs are engorged 
with blood due to contraction of the muscle 
pads of the hepatic veins. The rabbit suffers 
circulatory failure with dilatation of the 
right side of the heart caused by spasm of 
the pulmonary vessels. ‘The anaphylactic 


AMERICAN JOURNAL OF MEDICINE 


525 


reaction in the horse is evidenced by edema 
and urticaria. In all animals the reaction is 
prompt with smooth muscle spasm and 
increased capillary permeability; in other 
words, the reaction is basically the same 
though symptoms vary with the species. 

It was on the basis of the similarity of 
species reactions, regardless of the antigen, 
that Dale’® suggested histamine as the long 
sought anaphylatoxin. There are some very 
sound reasons for believing that this is so, 
in part at least, but this has been reviewed 
by Feldberg!’ and by St. Went?® and is dis- 
cussed in Rose’s article in this symposium. 
It need not be elaborated here except to 
state my belief that histamine can be the 
factor only in the immediate wheal-type 
allergies. 

The antigens responsible for this induced 
anaphylactic sensitization are usually pro- 
teins, in some cases proteoses; but simple 
chemical compounds of low molecular 
weight in general do not act as antigens 
unless combined as a haptene with a pro- 
tein, in which case the simple chemical may 
be the determinant or specifically reacting 
group rather than the protein. ‘The excep- 
tions are phthalic anhydride, producing 
sensitivity in man (Kern),!® and citraconic 
anhydride used by Jacobs et al.*° and Land- 
steiner and Chase”! in guinea pigs. 

To produce sensitization the antigens 
may be administered by any parenteral 
route; in the guinea pig sensitization has 
been accomplished as well by ingestion and 
inhalation of protein distinctly foreign to 
the animal. Shock is elicited by parenteral 
injection of antigen after an incubation 
period of eight to twelve days. The reac- 
tions are most striking after an intravenous 
dose. 

That sensitivity has developed may be 
demonstrated in any one of several ways: 
(1) by anaphylactic shock; (2) by passive 
transfer of sensitivity, that is, if a sensitized 
animal is bled and its serum injected into a 
non-sensitive animal even of another species 
(e.g., rabbit to guinea pig), the latter after 
a short period (four hours) will show shock 
when injected with the original antigen; 
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and guinea pigs born of a sensitized mother 
also may be shocked by an injection of the 
specific antigen, thus showing placental 
filtration of the sensitizing antibody; (3) by 
in vitro tests, precipitation and complement 
fixation in the presence of antigen; (4) by 
the Schultz-Dale reaction, the in vitro con- 
traction of smooth muscle of the uterine or 
intestinal strip on addition of antigen; (5) 
by the injection of sensitive serum (human, 
guinea pig or rabbit) into the skin of 
normal man.?”?*?425 Such a site tested after 
a few hours with the antigen may show a 
typical urticarial wheal. 

There are then, excepting the active 
shock reaction, three useful tests by which 
antibody may be demonstrated in the serum 
of the sensitized animal; the precipitin test, 
the Schultz-Dale test for smooth muscle 
sensitizing antibody and the passive transfer 
to human skin of the skin sensitizing anti- 
body. The evidence that these tests are 
dependent upon separate and distinct anti- 
bodies lies in the fact that quantitative 
correlation between them is not always 
demonstrable. One may find a high pre- 
cipitin titre and low sensitivity capacity by 
passive transfer and vice versa. The relation 
of these antibodies to those found in man 
after serum disease and in such spontaneous 
allergies as asthma will be discussed later. 

Another phase of animal anaphylaxis 
should be mentioned. Desensitization®® by 
the injection of sublethal amounts of antigen 
is readily accomplished. During this timie 
large doses of antigen may be given without 
the production of symptoms and an animal 
may be kept desensitized by frequent 
repeated injections of antigen. In fact, such 
doses may produce a state of clinical im- 
munity even though anaphylactic anti- 
bodies are demonstrable in the serum. In 
short, the line between sensitization and 
immunity is not well defined nor is the 
mechanism of this immune state thoroughly 
understood at this time. 

The Arthus phenomenon’ should be men- 
tioned in this connection. While it may 
occur in other species, it is produced notably 
in rabbits. Repeated subcutaneous injections 
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of protein ultimately produce a local inflam- 
matory response which may proceed to 
necrosis. This is due to the fact that the 
reaction takes place chiefly in the walls of 
blood vessels. It is not, therefore, an essen- 
tial part of the anaphylactic reaction per se 
and confusion arises from the fact that the 
anaphylactic antibodies are also present as 
a result of the sensitizing procedures. 
Histologically, these reactions are more 
closely related to those lesions which Rich”® 
has described in rabbits and man following 
administration of serum and sulfonamides 
and are closely related to, if not identical 
with, those of periarteritis and disseminated 
lupus. The immunologic mechanism of the 
Arthus phenomenon and of the related 
vascular lesions is not fully understood. 

Serum Disease and Post-serum Disease Sensi- 
tization. Serum sickness is the term applied 
to the reaction which develops in normal 
man seven to twelve days after a primary 
injection of serum. Its incidence varies from 
10 to 90 per cent and, as previously stated, 
is roughly proportional to the size of the 
dose. The main symptoms are urticarial 
eruption, fever, arthralgia and lympha- 
denitis. Occasionally, the central and 
peripheral nervous system is involved, 
presumably an edema of meninges or nerve 
sheath. Fatalities are practically unknown. 
There may be several recurrences in rapid 
succession, probably reactions to the differ- 
ent serum proteins. 

Among the many immunologic studies, 
those of Longcope and Rackemann’® and 
Mackenzie*”*! especially have thrown light 
upon the mechanism underlying this disease. 
During the incubation period the heterolog- 
ous serum may be demonstrated in the 
blood. With the onset of symptoms, anti- 
bodies (precipitins) appear and with their 
increase the foreign antigen rapidly disap- 
pears from the blood. The symptoms are 
caused by a reaction of the newly formed 
cellularly attached antibodies and_ the 
residual antigen. The symptoms disappear 
with the removal of antigen from the body 
which is then left in a state of sensitization 
entirely analogous to that of the anaphylac- 
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tic animal. This state of cellular sensitization 
is readily shown in man by a positive im- 
mediate wheal reaction on skin and eye test 
with the appropriate serum. The antibodies 
are also demonstrable in the serum for they 
will precipitate antigen in vitro, passively 
sensitize guinea pigs (Schultz-Dale) and 
transfer sensitivity to the skin of normal 
man. In man this state of reactivity is 
usually temporary (for weeks or months) 
though Mackenzie*' has reported sensitiza- 
tion to serum lasting from two to eight 
years. Von Pirquet and Schick*? showed 
that in those who had had previous injec- 
tions of horse serum and lost their sensitivity, 
the incubation period was shortened con- 
siderably after a later injection; that is, the 
reaction was accelerated, a form of the 
anamnestic response of cells trained by 
previous stimulation. 

In man, anaphylactic shock has occurred 
as in the animal when a second injection of 
antigen is given after a seven to twelve-day 
incubation period, or even weeks later, 
although the initial injection caused no 
symptoms. ‘These cases are of course acci- 
dental and understood only in retrospect, 
hence have not been carefully studied. 
The reactions have been caused, as a rule, 
by secondary injections of heterologous 
antiserums, liver extracts, tetanus toxoid 
(proteose) and viral vaccines produced in 
egg yolk. Reference will not be made here 
to the shock reactions following primary 
injections for these are an evidence of 
spontaneous allergy and should not be 
included in this group. 


SPONTANEOUS (HEREDITARY) ALLERGIES OF 
MAN 


Such diseases as asthma, hay fever (both 
seasonal and perennial), dermatitis (infan- 
tile eczema), urticaria and angio-edema 
are accepted allergies in which hereditary 
factors have been shown to be significant. 
Certain patients with disturbances in the 
central and peripheral nervous and gastro- 
intestinal systems, when due to foods or 
drugs, may also belong in this group. 

The common allergens include airborne 
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pollens, danders, mold spores, various dusts 
encountered at home and at work as well 
as foods and drugs. The reason why one 
individual becomes allergic to one sub- 
stance and another to a different one is not 
known. The offspring of allergic parents 
inherit not a specific sensitization but the 
capacity or tendency to‘be allergic.® There 
is no placental transmission of sensitizing 
antibody in these spontaneous allergies of 
man.***4 Presumably, contact is a determin- 
ing etiologic factor in many cases as indi- 
cated by a sensitivity to castor bean in those 
living near a bean-processing plant and an 
increasing allergy to the pollen of sugar 
beet which Phillips*® showed followed the 
introduction of sugar beet in a restricted 
area. But many persons develop a high 
degree of sensitivity when there has been 
no apparent contact, as evidenced by the 
severe shock reactions following the first 
injection of horse serum which occurred 
not infrequently in the earlier days of 
treatment with diphtheria antitoxin.*® 

The pathologic reaction is one of vaso- 
dilatation and increased capillary permea- 
bility with edema which takes place in all . 
sensitized tissues, especially skin and mucous 
membrane. In the latter, the reaction also 
stimulates mucoid secretion which is a 
conspicuous feature of hay fever, asthma 
and of reactions of this type in the intestinal 
tract. Such allergies are usually accom- 
panied by an excess of eosinophilic leuko- 
cytes in the tissues, in their secretions and 
in the circulating blood. 

Clinical Studies. ‘The outstanding charac- 
teristic of these reactions is their promptness, 
both symptomatically and by test. The 
person who has asthma and is sensitive 
to cats develops the asthmatic reaction 
promptly, perhaps in five minutes, certainly 
within an hour, if adequately exposed. 


This may mean simply entering a home 


where cats are house pets. If one skin tests 
this person with an extract of cat dander, 
there is an immediate wheal-type reaction 
at the test site; and if one injects the serum 
of a cat-sensitive person into the skin of a 
normal person and then tests the site with 
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the cat dander extract, the same prompt 
wheal is produced. This is known as the 
Prausnitz-Kiistner®? phenomenon of passive 
transfer of sensitiveness. The point is that 
no matter how the skin test is done, directly 
or indirectly, the reactions are always im- 
mediate with wheal formation only; that 
is, they are temporary and completely 
reversible. The clinical reaction in the 
mucous membrane is the same immediate 
edema as is the skin test and the symptoms 
referable to the respiratory tract, both 
vasomotor rhinitis and asthma, are due to 
the reaction of the lining membrane of 
nose, bronchi and bronchioles. The sig- 
nificant point is that if a test reaction is an 
immediate edema the clinical reaction will 
also be an immediate edema in the sensitized 
tissue. Immunologically, histologically and 
clinically, the test response and the clinical 
reaction must be of the same kind. This is 
basic and pertains to all types of allergic 
reactions. 

An allergic reaction takes place only in 
the sensitized cells. It is to be expected then 
that persons with this type of allergy, that 
is, of the mucous membrane of the respiratory 
tract, would have as causes for symp- 
toms mainly those inhaled airborne sub- 
stances such as pollens, animal emanations 
and dusts of various sorts and, much less 
frequently, ingested foods or drugs. 

In addition to asthma and hay fever, the 
reactions of the immediate wheal-type also 
express themselves clinically as urticaria and 
angioedema reactions of skin and gastroin- 
testinal tract, usually caused by ingested 
foods or drugs and very rarely by inhaled 
allergens. 

If a person after eating fish or shell fish 
develops urticaria within one hour, often 
with associated gastrointestinal symptoms, 
the type of. allergy concerned is identical 
with that found in pollen hay fever, for 
one quite regularly obtains a positive skin 
test and passive transfer of sensitivity by 
serum to a normal skin. Patients with such 
immediate reactions to certain foods usually 
relate cause and effect and abstain from 
their use. They rarely need a physician to 


Immunology of Allergy—Cooke 


confirm a diagnosis they have made for 
themselves. It is in this form of allergy and 
in this alone that the wheal-type of skin test 
is useful in determining or confirming a 
specific cause. 

However, there are edema reactions that 
appear to be exceptions to this rule. Many 
patients with urticaria and angio-edema do 
seek medical aid because they cannot relate 
cause and effect for themselves since the 
clinical response is not immediate but may 
be delayed for four to twenty-four hours or 
more. These reactions, originally described 
by Cooke,*’ are important because théy are 
common, especially in patients with symp- 
toms referable to viscera and to the central 
nervous system and because the usual diag- 
nostic approach with skin tests is of no avail. 
The explanation for certain of these cases is 
afforded by studies reported by me*® a few 
years ago and confirmed by Blamoutier.*’ 
One of the patients then described illus- 
trates the point. He had abdominal pain 
and diarrhea four to five hours after inges- 
tion of milk. Once the allergen was deter- 
mined, the attack was regularly reproduced 
and always after the specified incubation 
period of four to five hours. The skin test 
with whole milk was negative but it was 
positive with a proteose fraction of milk. 
The delayed appearance of the reaction is 
explained by the fact that it takes about 
four hours for the patient to digest milk to 
the stage in which it becomes allergenic. 
Immunologically, it is the same immediate 
wheal reaction but clinically it has the 
appearance of a delayed reaction. These 
cases are difficult diagnostic problems. The 
fixed incubation period is the clinical 
criterion for it remains the same in the 
particular patient for the particular food. 

Serologic Studies. The Skin-sensitizing Anti- 
body: When one studies the serum of un- 
treated patients with spontaneous allergy 
of the immediate wheal-type, such as hay 
fever, using the various laboratory technics 
as applied in the work on anaphylaxis and 
serum disease, interesting characteristics 
appear.‘ No precipitate hastyet been shown 
by the addition of antigen to the serum zn 
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vitro and there is no demonstrable combina- 
tion of antigen with the antibody in vitro. 
Presumably it can combine only after the 
antibody has become cellularly attached 
when a wheal reaction will ensue. When the 
serum is injected into guinea pigs, they are 
not sensitized passively, that is, they cannot 
later be shocked, neither is the Schultz-Dale 
reaction positive; in other words, there is 
no evidence of an antibody that will sensi- 
tize smooth muscle and produce broncho- 
spasm or uterine contraction. Such serum 
injected into rhesus monkeys will sensitize 
the skin and mucous membrane and give 
immediate wheal reactions to antigen, as 
shown by Straus,*! but there has been no 
evidence of any smooth muscle response. 
When this sensitive serum is injected intra- 
dermally into a normal man, the site will 
respond specifically when tested with the 
antigen a few hours later. The response is 
an immediate wheal and the site is readily , 
desensitized. When sensitive serum is in- 
jected intravenously a general ‘sensitivity 
may result with a clinical response (asthma), 
as reported by Ramirez‘? who cites a 
patient with pernicious anemia transfused 
with blood of an asthmatic allergic to horse 
dander. This work has been confirmed by 
Loveless.** Such passive sensitivity is tempo- 
rary, for days or weeks only. 

The skin-sensitizing antibody exists in 
the serum of the spontaneously allergic 
person in large amounts for serum diluted 
several thousand times may still give posi- 
tive reactions on transfer to the skin of 
normal test-subjects.*° This antibody does 
not pass the human placenta**** for it is not 
found in cord blood. An interesting charac- 
teristic of this antibody is that it does not 
carry a high degree of specificity, nothing 
comparable to that of artificially produced 
precipitins, as shown by direct tests or 
by cross-neutralization experiments.*° It is 
destroyed by heating the serum at 56°c. 
for four hours** and in this way differs from 
the artificially produced blocking antibody 
to be described. 

In summary, then, the skin-sensitizing 
antibody in the spontaneously sensitive man 
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has never yet been proved to act as a pre- 


‘cipitin and cannot sensitize smooth muscle 


but has an affinity for cells of skin and 
mucous membrane. There is no evidence 
that it can combine with antigen except in 
these cells. It is spoken of as a skin-sensitiz- 
ing antibody and has been referred to at 
times as reagin. 

Cooke and Spain,?* using precipitin 
(Schultz-Dale) and passive transfer tests, 
made comparative serologic studies, later 
confirmed, of rabbits sensitized to horse 
serum (anaphylaxis), of man after serum 
disease from antitoxin and of an asthmatic 
spontaneously sensitive to horse serum. ‘The 
significant differences that appeared may 
be tabulated as follows, the average extent 
of reactions being indicated by the number 
of plus (+) signs: 


Passive 

Transfer 
to 

Human 


Skin 


Smooth 
Muscle 
(Schultz- 

| Dale) 


| 


Pre- 
| cipitin 


Artificially sensitized ani- 


(anaphylaxis) 
Artificially sensitized man 
(serum disease) 
Spontaneously sensitized 


(asthma) 


These studies, abundantly confirmed, 
show that the antibody that sensitizes the 
skin of the naturally sensitive man (asthma) 
is not a precipitin nor does it sensitize 
smooth muscle. Whether this is the same 
antibody that sensitizes skin and gives 
positive reactions after artificial sensitiza- 
tion in man (serum disease) or animal 
(anaphylaxis) has not been determined nor 
does any experimental approach presently 
appear available. 

The moot question is whether the arti- 
ficially produced antibodies in man and 
animal are one and the same, that is, is the 
precipitin the anaphylactic antibody? The 
majority of immunochemists working in 
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this field believe that it is and that the 
amount of precipitin is a measure of the 
sensitizing capacity of a serum. This is 
discussed by Kabat. It should be pointed 
out that present technics of active sensitiza- 
tion would be expected to stimulate all 
possible types of antibody concurrently 
and these would probably lie in the same 
protein fraction of serum and so might be 
separated with difficulty if at all. One tends 
to rely then on a quantitative correlation 
which does not always appear. The question 
of identity of precipitin, muscle-sensitizing 
and skin-sensitizing antibody cannot be 
fully resolved at this time. 

The clinical value of the treatment of 
such allergies of the immediate wheal-type 
as hay fever has been established. By injec- 
tions of the specifically reacting pollen 
extract, given over periods of several 
months, tolerance for the antigen is in- 
creased several hundred-fold and protection 
against clinical exposure is likewise increased. 

Desensitization such as is produced readily 
in the anaphylactic animal does not obtain 
in the naturally sensitive man. In the early 
stages of treatment the amount of skin- 
sensitizing antibody in the serum is actually 
increased*® and decreases only after pro- 
longed treatment. A decrease of sensitivity 
of the tissues of the skin and conjunctiva is 
only partial at best and that only after weeks 
of treatment. The effect of therapeutic 
injections of specific allergens then may be 
spoken of rather as one of hyposensitization, 
possibly immunity, but not desensitization. 

Blocking Antibody. Serologic studies*® of 
patients treated for hay fever by means of 
specific pollen injections have shown the 
presence of a second antibody demonstrable 
by the fact that it has the capacity to in- 
hibit the action of antigen on cellularly 
attached sensitizing antibody in skin sites 
when the serum of a treated patient is first 
mixed in vitro with the antigen and then 
used as the testing antigen. This is well 
shown in Table 1. Sites were made on the 
back of a normal test subject (D. L.) five 
each for ante- and post-treatment serum 
dilutions (1-10 to 1-500) for later testing 
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with antigen. Sites were also made with 
the ante- or post-treatment serum to which 
antigen (ragweed extract) was added in the 
strength indicated (neutralization tests). 
The immediate reactions at these latter 
sites were read after one hour and it is 


TABLE I 
COMPARISON OF ANTE- AND POST-TREATMENT SERUM 
(BuscH) * 
Normal Test Subject D.L. Used for Passive Transfer 
Test 


Dilution Tests Neutralization Tests 


| 
Serum Reac- | 
Dilv tionst tion to 
Ante-treatment | _testt 


Mixtures Made with Reaction of 
Equa! Amounts of § Sites 


| 
| 
| 


Busch Serum | Units} Si On 
Retest!|| 


| Ante-treatment | 
Ante-treatment | 
Ante-treatment | 
| Ante-treatment | 
Post-treatment | | Post-treatment 
1-10 | | Post-treatment 
1-100 Post-treatment 
1-290 Post-treatment 
1-300 Post-treatment 
1-500 j Post-treatment | Saline} 


| | | | 

* Cooke, R. A. 7. Allergy, 15: 212, 1944. 

t 4o ml. of the stipulated dilutions of serum in physiologic saline 
was injected into each site. 

t The serum dilution sites were tested forty-eight hours later with 49 
ml. low ragweed extract, 100 protein nitrogen units per ml. 

§ 40 ml. of these serum-ragweed or serum-saline mixtures was 
injected into each site. 

|| The serum-ragweed or serum-saline mixture sites were tested 
forty-eight hours later with }49 ml. low ragweed extract, 100 protein 
nitrogen units per ml. 
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noted that there were reactions with ante- 
treatment serum antigen mixtures but none 
with mixtures made with post-treatment 
serum. When these same sites were retested 
two days later, even 50 units per ml. of 
ragweed extract neutralized the antibody 
in ante-treatment serum (since retests were 
all negative), but 1,000 units per ml. of 
ragweed failed to neutralize the post- 
treatment serum. This cannot be due to 
absence of antibody which was shown to 
be but slightly reduced by dilution test. 
Such results are best interpreted as due 
to the development of an inhibiting or 
blocking antibody following treatment of 
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the patient with injections of pollen extract. 
There are several features that stamp this 
blocking antibody as distinct from the skin 
sensitizing antibody: (1) It may be pro- 
duced easily in non-allergic persons by 
parenteral injection’? whereas the skin- 
sensitizing antibodies have not been pro- 
duced in this way. (2) It has further been 
shown that the blocking antibody, unlike 
the skin-sensitizing antibody, has no tissue 
affinity for it readily passes placental mem- 
branes** and is found in cord serum of 
infants from treated mothers. (3) It differs 
in that it binds antigen although it does not 
form a precipitate. (4) It has an almost 
absolute specificity which the skin-sensitiz- 
ing antibody does not possess.*® (5) The 
blocking antibody is thermostabile and 
unharmed at 56°c. for four hours‘? whereas 
the skin-sensitizing antibody is destroyed 
at this temperature. 

Blocking Antibody and Immunity. It is still 
a moot question whether this blocking anti- 
body produced by therapeutic injections is 
the important protective antibody or not. 
Except for the work of Loveless,**** the 
studies®’*! thus far have not indicated the 
degree of correlation between the amount of 
blocking antibody and the degree of clinical 
immunity that would seem to be required. 
My own unpublished observations are in 
accord with the latter studies. Admittedly 
these clinicoserologic studies are technically 
difficult and time-consuming and subject 
to the errors inherent in any appraisal 
based solely on the patient’s impressions of 
his relative freedom from symptoms. Fur- 
ther, one must take into account the fact 
that there are at least several different and 
clinically active antigens in pollen extract 
with a blocking antibody specific for each.“ 
None of the work thus far has taken this 
last fact into account. Also, patients who 
react to pollen extracts yet are clinically 
free, that is, immune in the real sense, fre- 
quently do not show blocking antibody in 
their serum.*® They must therefore have 
some other as yet undiscovered protective 
mechanism. The fact that the blocking anti- 
body has no-cellular affinity makes it diffi- 
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cult to understand how it could protect the 
respiratory mucous membranes against air- 
borne pollen whereas it could protect 
against injected (therapeutic) pollen ex- 
tract, and this it may well do, thus permit- 
ting the increasing dosage during treatment. 
The studies of Sherman*® strongly suggest 
this. 


DELAYED ALLERGIC REACTIONS 


There are three types of delayed reaction 
that may be differentiated for the present 
at least on certain obvious clinical and 
histologic grounds: 

Tuberculin Type Allergy. Before the days 
of anaphylaxis and allergy, Koch*? showed 
that tuberculous animals were reactive to 
the products of the growth of tubercle 
bacilli (tuberculin) which could produce 
either death or a local cutaneous reaction 
in the infected animal. This tuberculin skin 
reaction was a delayed twenty-four to 
forty-eight hour inflammatory response that 
was specific. Though bacterial protein may 
give rise to anaphylactic sensitization,°****® 
this delayed response was shown by Zinsser*® 
to be entirely different. Animals cannot be 
made sensitive to tuberculin by injecting 
it in any amount, therefore tuberculin does 
not generate antibody production but 
merely reacts with preformed antibody. 
Though sensitivity to tuberculin could 
readily be created by injecting live tubercle 
bacilli, it,was not until 1924 that Zinsser 
and Petroff®’ obtained positive results by 
intraperitoneal injections of massive doses 
of dead organisms. Eight to ten days are 
required for the incubation period for active 
sensitization. Having mastered the technic 
for the active production of tuberculin type 
allergy in non-tuberculous animals, which 
was facilitated by the use of such adjuvants 
as paraffin (Couland)** and paraffin oil 
(Saenz,®*® Freund®), the next question was 
whether this sensitivity could be passively 
transferred from sensitive to non-sensitive 
animals. Beginning with Baldwin’s®' work 
in 1910, all attempts were in vain until 
finally (1945) Chase®* succeeded in the 
passive transfer of tuberculin sensitivity. 


532 


In his experiments normal guinea pigs were 
rendered sensitive to tuberculin by massive 
intraperitoneal doses of dead tubercle bacilli 
combined with the adjuvants above men- 
tioned. Cells from spleen, lymph nodes and 
peritoneal exudate of the sensitive animals 
were washed thoroughly and injected into 
normal guinea pigs. ‘In practically all 
experiments these animals became reactive 
to tuberculin in one to three days instead of 
the eight to ten days required for active 
sensitization, depending on the route of 
injection of the cells. The blood serum of the 
same actively sensitized guinea pigs did not 
transfer a_ sensitivity. Thus Chase has 
demonstrated conclusively that the mech- 
anism for the tuberculin reaction involves 
a specific antibody that is strictly cellular, 
in other words, the reaction is an allergy 
(antigen-sensitized cell reaction). Rich®* has 
shown that this cellular reaction is demon- 
strable in such avascular tissues as_ the 
cornea, hence is fundamentally different 
from the Arthus lesion which depends upon 
vascularity for its effects. 

So far as is known, all bacteria are 
capable of producing the same _ specific 
sensitivity, hence the use of the modifying 
term “tuberculin-type.”’ similar skin 
test may be employed, therefore, as a 
diagnostic procedure in such other diseases 
as typhoid fever, brucellosis, tularemia, 
glanders, syphilis, certain fungus infec- 
tions and in the viral infections causing 
lymphogranuloma venereum. 

The diagnostic value of all such tests is 
lessened by the fact that sensitization 
persists after mild and cured infections, 
hence the test does not distinguish past 
from present and active infection. 

Dermatitic-type Allergy. For many years 
certain forms of dermatitis such as infantile 
eczema have been hypothesized as allergies 
that is, antigen-sensitized cell reactions on 
the basis of clinical association with known 
allergies (asthma and food sensitivities) and 
because of the dermatitis produced in a few 
individuals upon slight external contact 
with chemicals, dyes, metals and plant 
phenols which are not irritating to the skin 
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of most human beings. Such lesions when 
they occur are always delayed twenty-four 
to forty-eight hour reactions which may 
go on to vesiculation and exudation. 

We are concerned here merely with the 
discussion of the immunologic aspects about 
which little is actually known as yet. The 
questions are, can antibody be demon- 
strated and if so, is it cellular or is it humoral, 
or may it be both? Landsteiner and Chase** 
produced dermatitis in guinea pigs which 
were sensitized by the application to the 
skin of picryl chloride. They used the peri- 
toneal exudate to sensitize normal animals. 
When the picryl chloride in oil was put on 
the skin of these recipients, ‘“‘erythematous 
reactions mostly of high color were appar- 
ent the next day.” Heating, to kill the 
exudate cells, destroyed the effect. As they 
state, ‘“‘consequently one would be inclined 
to assume that the sensitivity is produced 
by an activity in the recipient of the surviv- 
ing cells, if not by antibodies carried by 
these.” 

A great deal of experimental work has 
been done, largely with external contact 
type dermatitis, in attempts to demonstrate 
the mechanism underlying these reactions. 
The experiments of Naegeli et al.© and 
Fellner®® with excised portions of sensitive 
skin have given negative or equivocal 
results. However, Haxthausen®’ used trans- 
plants in two pairs of identical twins, one 
of each pair being sensitized with dinitro- 
chlorobenzene. Skin flaps were transplanted 
from A (sensitized) to B (normal) and B to 
A, likewise from X (sensitized) to Y (nor- 
mal) and Y to Z. When tested after three 
weeks, A and X gave strong reactions on 
the surrounding skin and on the graft 
whereas B and Y did not react either on 
the surrounding skin or on the previously 
sensitized skin flap. Such results certainly 
indicate a humoral antibody and may well 
explain the results reported from the use of 
blister fluid by Urbach,*®* Ballestero and 
Mom*® and Spain.”° 

Recent work in my laboratory by Crepea, 
still unpublished, has shown the transfer- 
ence of dermatitic sensitivity from guinea 
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pigs sensitized by certain chemicals (plant 
phenols) to normal guinea pigs by means 
of the intraperitoneal injection of lymphoid 
and reticulo-endothelial cells of spleen and 
lymph glands and also by serum. The 
dermatitic lesion appears in normal animals 
within twenty-four hours after the injection 
of serums or washed cells whereas the incu- 
bation period for active sensitization is 
roughly two weeks and is elicited only by 
dermal application of the antigen. 

Vascular-tybe Allergies. Rich?*7! has re- 
ported lesions simulating Aschoff bodies and 
those of periarteritis in man after adminis- 
tration of heterologous serum and _ sulfa- 
diazine in man and in rabbits after massive 
parenteral doses of foreign serum. Pathologi- 
cally, there is also a resemblance to the 
Arthus lesions of rabbits. The immunologic 
mechanism of these reactions is confused 
just as it was in the past in the case of the 
tuberculin and the anaphylactic types of 
reaction with tuberculo-protein. The tech- 
nic of creating vascular lesions at present 
produces the anaphylactic antibodies con- 
comitantly. The fact is that the vascular 
degenerations are delayed reactions as 
opposed to the immediate anaphylactic 
reactions. Whether there is a different 
antibody mechanism for the two remains 
to be determined. 
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Quantitative Immunochemical Aspects of 


Some Allergic Reactions’ 


Ex.vin A. KABAT, Ph.D. 
New York, New York 


HILE the concept of allergic reac- 
tions as caused by the combination 
of antigen with antibody in the 
tissues is unequivocally established (for 
earlier studies, ®) knowledge of the severity 
of the allergic response as a function of the 
amounts of antigen and antibody involved 
is quite limited. Indeed there have been 
sharp difterences of opinion among various 
investigators as to the dependence of the 
Arthus phenomenon on circulating anti- 
body,® the relative significance of humoral 
and fixed tissue antibody in the various 
allergic manifestations,’ whether or not 
circulating antibody protects guinea pigs 
against anaphylactic shock,® the nature of 
the refractory state following non-fatal 
anaphylactic shock® and the role of pre- 
cipitins in serum sickness.° 
Careful scrutiny of the mass of experi- 
mental data reported suggests a number 
of reasons for these discordant opinions. 
Among these are: (1) The use of complex 
mixtures of antigens, such as horse serum, 
with the resultant simultaneous production 
in varying quantities of antibody to an un- 
specified number of antigens; (2) the tre- 
mendous variation in antibody response of 
individual animals of the same species to a 
given quantity of antigen, so that very large 
numbers of animals must be used for sta- 
tistically valid differences to be detected; 
(3) species differences in allergic manifesta- 
tions, in the amounts of circulating antibody 
formed, and in the capacity of sera of 
various species to transfer certain sensitivi- 
ties passively to some species but not to 
others;! (4) limitations of immunologic 


methods of assaying sera for antibody and 
(5) non-specific factors such as the inhibi- 
tion of anaphyaxis by the injection of 
foreign protein. This effect led Weil!® 
erroneously to the conclusion that an 
excess of antibody in the circulation protects 
a guinea pig from anaphylactic shock. Weil 
injected rabbit serum containing antibodies 
into guinea pigs sensitized to the corre- 
sponding antigen and found that they were 
protected against anaphylactic shock. As 
pointed out by Bronfenbrenner,® equally 
good protection would have resulted had 
an equivalent amount of normal rabbit 
serum or of normal serum from another 
species been used. 

The need to take these variables into 
account has not escaped the attention of 
certain investigators. Cannon and Mar- 
shall,® in their study of the Arthus phe- 
nomenon, point out that a correlation 
between the severity of the Arthus phe- 
nomenon and the circulating precipitin was 
found with purified single antigens, i.e., 
crystalline egg albumin, while discord- 
ant results were obtained with mixtures 
of antigens (whole serum). The unsuitability 
of the antigen dilution method of estimating 
the precipitin content of sera for such studies 
has also been noted,® as has the superiority 
of passive anaphylaxis over active anaphy- 
laxis as a means of eliminating the variations 
in the quantities of antibody produced by 
individual animals in response to injection 
of antigen.® 

Since methods for the quantitative esti- 
mation of antibodies in terms of the amount 
of antibody nitrogen per ml. serum are now 
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readily available,'’'* measurements of the 
amount of antibody in the circulating blood 
of an animal immediately prior to or after 
eliciting an allergic response are easily 
carried out. In studies on passive sensitiza- 
tion, sera may be assayed for their antibody 
TABLE I 
RELATION BETWEEN CIRCULATING ANTI-EGG ALBUMIN AND 
THE SEVERITY OF ANAPHYLACTIC SHOCK INDUCED IN THE 
ACTIVELY SENSITIZED RABBIT WITH CRYSTALLINE EGG 
AI BUMIN * 


Degree 
of Ana- 
phylaxis 


No. of Antibody Nitrogen Content of 
Animals | Individual Rabbit Sera before Shock 


Death 0.573, 0.9, 1.0, 1.2, 2.1, 2.3 
+++ 0.11, 0.462, 1.0, 2.1 
++ 0.06, 0.28, 0.34, 0.57, 1.1 
0.032, 0.062, 0.11, 0.16, 0.28, 0.57, 
0.80, 1.0, 1.1 
0.022, 0.032, 0.042, 0.112, 0.284,0.343, 
0.46, 0.572, 0.90, 1.5 


Severe prostration and shock. 
++ = Respiratory difficulties, slight prostration. 
+ = slight respiratory difficulties. 
0 = No reaction. 

Superscripts denote number of rabbits having the 
same antibody N level. Shocking doses of egg albumin N 
varied from 2.5 to 40.5 mg. and did not appear to be 
critical. 

* Data from Jackson.'* Values converted to antibody 
nitrogen, i.e., 16 per cent of antibody protein and 
expressed to two significant figures. 


content and dilutions containing known 
amounts of antibody may be _ injected. 
Similarly, the allergic response may be 
elicited by injection of a known quantity 
of antigen. These procedures, if generally 
adopted, would provide a degree of stand- 
ardization and reproducibility in results 
from different laboratories which would do 
much to avoid conflict and confusion. 

The earliest attempt to estimate the 
quantities of antibody in the circulating 
blood of sensitized animals was made by 
Jackson'* who studied the 
anaphylactic shock in rabbits actively 
sensitized to crystalline egg albumin in 
relation to the amounts of antibody in their 
sera. From her data (Table 1) it is evident 
that in the actively sensitized rabbit there 
is only the most general correlation between 


severity of 
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the amount of circulating antibody and the 
severity of anaphylactic shock in the rabbit 
and that a high level of circulating antibody 
does not necessarily ensure fatal anaphy- 
laxis. Indeed, of the ten rabbits having 
levels of 1.0 mg. antibody N per ml. serum 
or more, only four showed fatal reactions; 
one negative and two one plus reactions 
were obtained. Jackson further found that 
the amount of antigen necessary for fatal 
anaphylaxis was not decisive. In four of the 
eight rabbits dying of anaphylaxis, insufh- 
cient antigen to remove all of the circulating 
antibody was used while nineteen of twenty- 
one rabbits which failed to die in anaphy- 
laxis received injections of egg albumin 
sufficient to remove all of the circulating 
antibody. In the rabbit, factors other than 
the quantities of antibody appear to be of 
importance in determining the outcome of 
anaphylactic shock.'° 

At about the same time Culbertson’® 
studied the severity of the Arthus phenome- 
non in rabbits actively immunized with 
crystalline egg albumin as a function of the 
amounts of anti-egg albumin in the circula- 
tion. As the level of circulating antibody 
rose following the last injection of antigen, 
the Arthus reaction tested on successive days 
became of increasing severity. With levels 
of circulating antibody of 0.08 mg. N per 
ml. or less, only mild reactions occurred, 
characterized by transient erythema and 
superficial scaling, while with levels of 0.12 
to 0.16 mg. antibody N per ml. a slough 
was invariably obtained. When animals 
were allowed to rest until antibody was no 
longer demonstrable in their circulation, the 
Arthus reaction became negative. Similarly, 
negative reactions could be obtained tem- 
porarily by complete removal of antibody 
from the circulation by intravenous injec- 
tion of sufficient antigen; upon reappear- 
ance of antibody positive Arthus tests again 
occurred.'® 

Culbertson!® was also the first to elicit 
the Arthus phenomenon passively with 
known amounts of antibody nitrogen. In- 
jection of 0.047 mg. of egg albumin N 
intracutaneously into a rabbit one-half 
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hour after the animals had received an 
intravenous injection of 15 mg. of anti-egg 
albumin N resulted in a strongly positive 
Arthus reaction with a marked slough. 
Arthus reactions characterized by erythema 
and edema but with no slough resulted from 
intracutaneous injection of 0.75 and 0.075 
mg. anti-egg albumin N followed one-half 
hour later by 0.047 mg. of egg albumin N. 
A reversed Arthus reaction consisting of 
erythema, edema and necrosis resulted from 
intravenous injection of about 10 mg. of egg 
albumin N followed by intracutaneous 
injection of 0.38 mg. of anti-egg albumin N. 
In all instances absorption of the antibody 
from the serum with antigen prior to injec- 
tion abolished its capacity to produce an 
Arthus reaction. '® 

While these two earlier studies clearly 
demonstrate the superiority of studying 
allergic reactions in terms of the actual 
quantities of antibody and antigen involved, 
they did not provide sufficient data to estab- 
lish the minimum quantities of antigen 
and antibody required for these reactions. 

Further studies along these lines have 
been carried out in the writer’s laboratory. 
In a study on passive anaphylaxis with 
Landow,'’? the minimum quantities of 
rabbit anti-egg albumin (Ea) N or rabbit 
anti-SIII N (antibody to the specific poly- 
saccharide of the type III pneumococcus) 
were determined which were required to 
sensitize a 250 Gm. guinea pig so that 
uniformly fatal anaphylactic shock would 
result on subsequent injection of a given 
amount of Ea N or of SIII forty-eight hours 
later. Both sensitizing and shocking doses 
were given intravenously. The antisera were 
analyzed for antibody N by the quantita- 
tive precipitin method and dilutions of 
antiserum containing the desired quantities 
of antibody were injected. From Table 11 it is 
seen that sensitization with about 0.03 mg. 
of anti-Ea N or anti-SIII N is sufficient to 
produce uniformly fatal anaphylactic shock 
when followed by a subsequent intravenous 
injection of 0.16 mg. EaN or 0.10 mg. SITI, 
respectively. With sensitizing levels of 0.006 
to 0.025 mg. antibody N anaphylactic 
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symptoms are usually observed but fatal 
reactions do not always occur. With even 
smaller quantities of antibody, none of the 
animals die and some may even fail to show 
symptoms of anaphylaxis. 

Since these data represented passive 


TABLE I 
PASSIVE SENSITIZATION OF GUINEA PIGS WITH VARYING 
AMOUNTS OF RABBIT ANTIBODY * 


Results 

No. of 

Antibody N | Guinea 
Injected Pigs 

Used 


No 
Deaths | Reac- | Reac- | Reac- 
| | tions | tions | tions 
Rabbit anti-egg albumin—guinea pigs shocked with 
1 mg. egg-albumin intravenously 48 hours after 
sensitizing injection 


| | 
mg. | 
.0019 
.0038 
.0057 
.0064 
.0075 
.0113 
.023; 0.024 
.034; 0.036 


| 
| 
} 
| 
| 


FONAUA AK 


| 
| 
| | 
Rabbit antibody to type III pneumococcus—guinea pigs 


shocked with 0.1 mg. type III polysaccharide intra- 
venously 48 hours after sensitizing injection 


| | 
1 


| 1 
| | 


* From Kabat and Landow." 


| 
| 
| 
| 


sensitization of guinea pigs with serum of 
another species, a similar study was carried 
out with anti-Ea produced in the guinea 
pig.!® Since the guinea pig does not readily 
give rise to sufficient amounts of precipitin 
by the usual method of immunization, 
the Freund adjuvant technic!® was em- 
ployed. As shown in Table m1, guinea-pig 
anti-EaN was equally effective as rabbit 
anti-EaN in passive sensitization. This find- 
ing makes it probable that, in sensitization 


2 

ba | 

0.02 | 5 | 

0.03 oer | 

0.04 | 
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with heterologous sera, the non-antibody 
protein injected together with the antibody 
does not affect its sensitizing capacity 
although it has been well established that a 
previous injection of serum of a foreign 
species inhibits anaphylactic shock.® 


TABLE Il 
PASSIVE SENSITIZATION OF GUINEA PIGS WITH VARYING 
AMOUNTS OF GUINEA PIG ANTI-OVALBUMIN—GUINEA 
PIGS SHOCKED WITH 1 MG. OVALBUMIN INTRA- 
VENOUSLY 48 HOURS AFTER SENSITIZING INJECTION * 


| 


Results 


Anti- | No.of | 

body N | Guinea | 
In- | Pigs | 

jected Used | Dead | Severe 
Mg. 


005 
006 
010 
012 
015 
018 
020 
024 
030 
036 | 
040 | 
048 


0 
0 
0. 
0 
0 
0. 
0 
0 
0 
0. 
0. 
0. 


* From Kabat and Boldt.18 


In a more extensive study of passive 
anaphylaxis,”° the severity of anaphylactic 
shock produced by varying quantities of 
antigen was studied at several sensitizing 
levels of antibody nitrogen. In the egg 
albumin rabbit anti-egg albumin system, 
it was found (Table tv) that an increase in 
the sensitizing dose from 0.03 to 0.15 mg. 
antibody N did not significantly change the 
quantity of antigen required to kill one-half 
of the animals; a further increase to 0.75 mg. 
antibody N, however, resulted in a five-fold 
increase in the antigen needed to produce 
50 per cent anaphylactic deaths. In the 
SIII-anti-SIII system, however, similar 
variation in the sensitizing dose did not 
appear significantly to affect the quantity of 
antigen required for 50 per cent mortality. 
(Table tv.) 

With tobacco mosaic virus and its homo- 
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logous rabbit antibody, fatal anaphylaxis 
could be obtained in guinea pigs sensitized 
with 0.03 mg. of antibody N only when the 
shocking dose was increased to 3.6 mg. N, 
many times more than was needed in the 
Ea-anti-Ea system. This is most reasonably 
ascribed to the higher molecular weight of 
tobacco mosaic virus (33,000,000) as com- 
pared with egg albumin (40,000) from 
which it follows that an equal weight of 
virus would contain many fewer molecules 
than would egg albumin. It is also in accord 
with the finding that the ratio of antibody 
N/antigen N at the point of maximum pre- 
cipitation is about twenty times greater in 
the ovalbumin system than in the tobacco 
mosaic virus system. 

Follensby and Hooker?! reported that 
four of six guinea pigs sensitized with 0.12 
to 0.48 mg. rabbit anti-hemocyanin suffered 
fatal anaphylactic shock on injection of ten 
to forty-seven times the quantity of antigen 
optimal in vitro for complete precipitation 
of the antibody in the sensitizing dose; of 
the remaining animals one showed severe 
and the other mild anaphylaxis. 

The quantitative relations in passive 
anaphylaxis have also been studied for a 
cross-reaction—the reaction between S VIII 
and rabbit anti-SIII.”° In this system the 
amount of cross-reacting antibody N was 
determined and dilutions of antiserum con- 
taining known quantities of cross-reacting 
antibody N were injected. It is evident from 
Table tv that on sensitization with 0.03 mg. 
of cross-reacting antibody N, fatal anaphy- 
lactic shock could not be obtained, as it was 
in the homologous reaction, even when the 
antigen was varied from 0.005 to 4.0 mg. 
With larger sensitizing doses of antibody N, 
reactions of increasing severity were ob- 
tained with a shocking dose of 0.10 mg. of 
S VIII and uniformly fatal anaphylactic 
shock was found with 0.20 and 0.35 mg. 
cross-reacting antibody N. These results 
are in accord with quantitative precipitin 
studies on this system??? in which the cross- 
reaction was found to involve fewer reactive 
groups on the antibody molecule than did 
the homologous reaction. 
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| Slight 
4 |; tive 
6 2 | 2 2 
4 | 3 1 
7 2 
4 2 1 
1 | | 
. 4 
8 
5 
8 | 
4 
10 
; 3 | | 
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TABLE Iv 
QUANTITATIVE RELATIONSHIPS BETWEEN AMOUNTS OF ANTIBODY AND ANTIGEN USED AND THE SEVERITY 
OF PASSIVE ANAPHYLAXIS IN THE GUINEA PIG* 


Approximate 
Antibody N Antigen Injected to Elicit Shock Aracawat of 


Injected for Antigen to 
Sensitization, Produce 50 


Mg. ‘ 0.04 0.02 0.01 0.0075 Per Cent 
Mg. N Mg. N Mg. N Mg. N - ; Mortality, T 
Mg. N 


*“Ovalbumin Rabbit Antiovalbumin 
3 dead 4 deadf 3 dead 4 dead 0.007 


2 severe 1 severe 1 severe 2 severe 

1 moderate | 1 moderate 
1 slight 
3 dead 6 dead 2 dead 1 dead 

1 severe 6 severe 2 moderate 
1 moderate | 2 moderate | 3 slight 

1 slight 1 negative 


2 dead 
1 severe 1 severe 

1 moderate | 2 moderate 
2 slight 1 slight 
1 negative 


Anubody N 

Injected for 3.6 , 0.42 0.22-0.24 | 0.16-0.18 

Sensitization, Mg. N Mg. N Mg. N Mg. N Mg. N 
Mg. 


bacco Mosaic Virus Rabbit Anti-tobacco Mosaic Virus 


2 dead 1 severe 1 moderate | 2 moderate 
1 moderate 1 severe 
1 slight 2 slight$ 1 slight 
1 slight 1 severe 

1 doubtful | 1 doubtful 


| Approximate 
Antibody N Amount of 


0.05 0.025 0.01 0.0075 0.005 0.0025 


Sensitization Produce 50 
Mg. Mg. : Mg. Mg. Mg. Mg. Mg. Mg. Per Gent 


Mortality, 
Mg. N 


SIII Rabbit Anti-SIIT 


7 dead || 7 dead 6 dead 1 dead 4 dead 2 dead 1 moderate 0.008 
1 severe 1 severe 2 severe 2 severe 1 severe 1 slight 

1 moderate 1 moderate | 2 negative 
5 dead 16 dead 6 dead 1 severe 1 moderate 0.005 
5 severe 1 moderate | 1 slight 

1 moderate | 1 slight 5 negative 
2 slight 2 negative 
2 severe 2 dead 1 dead 2 slight 

2 slight 1 severe 2 moderate 2 negative 
1 negative 


Cross Reacting | | 
Antibody N 


Injected for | 1.0 Mg. | 0.50 Mg. | 
Sensitization 


SVIII Rabbit Anti-SIII 


1 moderate | 1 moderate 1 moderate | 1 severe 2 doubtful 2 slight 

1 slight 1 moderate 2 negative 1 doubtful 
1 slight 2 negative 
2 severe 4 severe 
1 moderate 


0.40 Mg. | 0.20Mg. | 0.10Mg. | 0.005 Mg. 


1 dead 
1 severe 
1 moderate 
1 slight 
3 dead 
3 severe 
1 slight 
0.20 5 dead 
0 35 4 dead 


* From Kabat, Coffin and Smith.?® 

t Estimated by inspection; essentially similar results derived from statistical considerations. 
t 1 delayed death. 

§ 1 animal received 0.30 mg. antigen N: 

|| Including data from (17). 
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0.030 .. | 6 dead 
| 
| | 
0.15 | 4 dead | 0.008 
| 
0.75 3 dead | 2 dead 6 dead 0.04 
| 
| 
| | | | 
0.10 
0.20 | 
| | | | | ~ 
0.15 
0.75 | 
| 
| 
0.000 | 
0.050 
| 
| 
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Passive anaphylaxis studies with meas- 
ured quantities of antibody nitrogen are 
especially useful in clearly establishing dif- 
ferences in the capacity of sera of various 
species to confer passive sensitivity. For 
instance, it is readily evident from the 
studies. of Follensby and Hooker*' under 
what conditions passive sensitization of 
guinea pigs with equine anti-hemocyanin 
and equine anti-egg albumin could not be 
obtained; and it is conceivable that the 
finding of Bailey and co-workers**?> that 
guinea pigs could be passively sensitized 
with horse anti-pneumococcal antibody, 
which appear to be contradicted by the 
studies of all other workers,**** might be 
explained by differences in the quantities of 
antibody N used by the various workers for 
sensitization. If known quantities of anti- 
body N were used in standardization of 
passive anaphylaxis for estimating small 
amounts of polysaccharides as proposed by 
Morgan,”* this would also serve to ensure 
reproducibility between different labora- 
tories and with different lots of sera. These 
standardized conditions for passive anaphy- 
laxis have also proved of value in studying 
the effects of various unrelated substances 
on anaphylaxis. For instance, Coffin and 
Kabat*® used this procedure in demonstrat- 
ing that immunization with histamine azo- 
protein or with normal human serum 
protects guinea pigs against fatal anaphy- 
lactic shock indicating that the protection 
was not specific for histamine azoprotein. 

Quantitative studies have also provided 
an estimate of the weights of antibody which 
must be present in isolated muscle tissue 
for anaphylactic contractions to occur. 
Studies on isolated uterine horns of a 
limited number of female guinea pigs sensi- 
tized by injection of known quantities of 
anti-EaN showed that, on addition of 
0.16 mg. EaN to the bath, good contrac- 
tions were obtained in two animals sensi- 
tized with 0.03 mg. antibody N, in one of 
two sensitized with 0.02 mg. antibody N 
and in one of three sensitized with 0.01 mg. 
antibody N. These findings suggest that the 
sensitivity of the isolated guinea pig uterus 
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is of the same order as that of the intact 
animal.!* If the intravenously injected anti- 
EaN is uniformly distributed throughout 
the tissues of the guinea pig, as appears 
reasonable from Freund’s studies,*!~*4 a 
contracting guinea pig uterine horn (wt. 
75 mg.) would contain only 0.01 yg. anti- 
body N of the 30 wg. antibody N injected 
into the 250 Gm. guinea pig. This quantity 
of antibody N is considerably less than can 
be detected by in vitro serologic tests and 
may perhaps provide an explanation for 
the failure of the sera of hypersensitive 
patients to give the usual serologic tests for 
antibody. 

Additional information on the conditions 
under which anaphylactic shock occurs in 
the guinea pig may be obtained by bleeding 
guinea pigs injected with known quantities 
of antibody N at the time when the shocking 
dose of antigen would ordinarily be given 
and determining the amount of circulating 
antibody by the micro-quantitative pre- 
cipitin method'!~!*#° after removal of com- 
plement.*® Data of this kind have been 
obtained for the Ea-anti Ea and SIII-anti 
SIII systems.”° Table v shows the quantities 
of antibody N in the circulation forty-eight 
hours after 30, 150, and 750 ug. anti-EaN 
or anti-SIII N were injected into guinea 
pigs. With anti-Ea, it is evident that sig- 
nificant quantities of circulating antibody 
did not remain in the circulation when 30 or 
150 wg. anti-EaN was injected but that a 
considerable proportion of the total anti- 
body was present in the blood forty-eight 
hours after 750 wg. anti-EaN were given. 
By comparison with the data in Table rv, it 
would appear that the increased quantity 
of antigen required to kill one-half of the 
guinea pigs sensitized with 750 wg. anti-EaN 
might be attributed to a protective effect of 
circulating antibody. In the SIII-anti SIII 
system, however, about 30 to 50 per cent of 
the injected antibody remained in the 
circulation at the time of shock and no 
evidence of a significant increase in the 
shocking dose of SIII was found. (Table tv.) 
The reasons for the apparent protective 
action of circulating antibody in the 
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Ea-anti Ea system and the absence of such 
an effect in the SIII-anti SIII system require 
further investigation. 

Quantitative data have also been ob- 
tained relating the severity of the Arthus 
reaction, induced passively in the rabbit, 
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anti-EaN and the severity of the reaction 
increased with the quantity of antibody. 
(Table vi.) With animals sensitized intra- 
cutaneously with antibody, the reaction 
was of comparable degree even if antigen 
was given intravenously and no significant 


TABLE v 
RELATION BETWEEN ANTIBODY NITROGEN INJECTED INTRAVENOUSLY INTO GUINEA PIGS AND THE QUANTITY 
IN THE SERUM 48 HOURS LATER* 


Antibody 
N in 
Serum 48 
Hours 
Later, 
ug. /ml. 


Antibody Total 


N Injected 
Intraven- 
ously, ug. 


Serum 
Volume, 
MI. 


Guinea 


Pig Antibody 


Later, yg. 


Circulating 


N 48 Hours 


Antibody 
N in 
Serum 48 
Hours 
Later, 
ug/ml 


Total 
Circulating 
Antibody 
N 48 Hours 
Later, ug. 


Antibody 
N Injected 
Intraven- 
ously, ug. 


Serum 
Volume, f 
Ml. 


Rabbit anti-egg albumin 


Rabbit antibody to pneumococcal polysaccharide, type m1 


| | 
11 | 
11 | 


ooooo 


10.5 Ot 10.5t 


| | 
| 11f 


* From Kabat, Coffin and Smith.?¢ 
t 145 of body weight taken to the nearest 0.5 ml. 


t Values of less than 1-2 wg. N/ml. are within experimental error. 


§ One determination lost. 


to the quantities of EaN and anti-EaN.*’ 
After preliminary experiments, the interval 
of one-half hour between the sensitizing 
and shocking doses, as employed by Cul- 
bertson,'® was adopted as most satisfactory. 
When the antibody and antigen were ad- 
ministered intracutaneously, it was found 
that the severity of the reaction was deter- 
mined primarily by the quantity of antibody 
and was rather insensitive to the amount of 
antigen once a threshold quantity was 
exceeded. Minimal Arthus reactions were 
obtained by local injection of 0.025 mg. 


AMERICAN JOURNAL OF MEDICINE 


differences in the intensity of the responses 
were observed with reversed as compared 
with direct local Arthus reactions. (Table 
VI.) 

When the antibody was administered 
intravenously and the antigen locally, 
considerably larger amounts of antibody 
were required for a minimal Arthus re- 
sponse. In only one of two rabbits which 
received 1.12 mg. anti-EaN intravenously 
could a minimal Arthus reaction be elicited. 
With two and four times this quantity of 
antibody N, reactions increasing in intensity 


= | 
| | 
| 
Guinea 
Pig 
| | 
| | | | 
| 30 | a | | 
5 8 | 30 .6t | | 30 | 0.6t | 6t 
| | 
6 10 150 | ° 0.4t | 150 
7 12 150 | 0.9f | 11 
| | | | | | 
10 8.5 | | 750 | 28.5 255 
13 9 300 | | | | 
14 8 | | | | 
29 10.5 | 750 | | 
30 | 11 | 750 5.1 | 55 | | | | 
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resulted. Culbertson'® was able to produce 
a slough by intravenous injection of 15 mg. 
anti-EaN. 

The passive Arthus phenomenon in the 
rabbit, therefore, appears to differ sharply 
from passive anaphylaxis in the guinea pig. 
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as much, to contract on addition of antigen. 
Even if these values are corrected for the 
different weights of tissue participating, 
induction of the Arthus reaction clearly 
requires many times more antibody than 
does local anaphylactic shock. 


TABLE VI 
RELATIONSHIP BETWEEN SENSITIZING AND SHOCK DOSES ON SEVERITY OF THE PASSIVELY INDUCED ARTHUS 
REACTION IN LOCALLY SENSITIZED RABBITS* 


Anti-egg 
Albumin 
Nitrogen 


Mg. | 25 | 0.13 | 0.06 


| | 
+++ | 
}++4+4| 
}++++ 
+4++4+ 
++++/]....... 


4444/4444 /+4+44]..... 


+++ 


Egg Albumin Nitrogen, Mg. 


| 0.03 | 


0.015 |0.008 


| 
| 


| 
| 


*From Fischel and Kabat. 


In the former instance, 25 wg. of antibody 
N was required for a minimal local reaction 
while it was calculated that a strip of 
guinea pig uterine muscle need contain 


about 0.01 wg. antibody N, or only 4500 


Thus far, anaphylaxis and the Arthus 
phenomenon are the only allergic reactions 
for which quantitative data are available. 
It should not be too difficult to extend these 
studies to at least several other allergic 
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| , 
| | 
0.9 | | | | | 
, | | | | | 
| | | | | | | 
| | 
| | = 
0.22 + | 0 
$+ | +e | 4+ 1444] 444 1444] | | 
0.10 | +44 [4+44) +44 [+44] | | 
++ {| ++ | ++ | | +4) | | 
0.05 + ++ | ++ + +] | 
]........ | | | | | 
0.025 hee + | + | | + | + | + | + | ++ | 1: @ 
+ | + 4 | + | + | 
| | | re | | 
0 0 0 oO | 0 | O 
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manifestations.and to compare the amounts 
of antigen and antibody required to elicit 
these reactions in different species. The 
finding of Mehiman and Seegal?’ that horse 
antibody to the pneumococcal polysaccha- 
rides, while not conferring anaphylactic 
sensitivity, would sensitize so that a wheal 
and erythema type of response would be 
induced in the guinea pig on subsequent 
injection of polysaccharide deserves such 
quantitative treatment; and the subsequent 
report by Mehlman** that passive anaphy- 
laxis could be induced in dogs sensitized 
with horse or rabbit anti-pneumococcal 
serum also merits quantitative study. Indeed, 
' quantitative studies on the sensitizing prop- 
erties of the antibodies produced in guinea 
pigs and rabbits with low molecular weight 
simple substances, such as citraconic an- 
hydride*® and others,*”*° might further 
broaden our concepts to include the drug 
allergies. 

The most severe limitation to the exten- 
sion of this approach to the study of the 
quantitative aspects of human _ allergic 
reactions is the complex nature of the 
antigenic mixtures used in testing for 
hypersensitivity and failure thus far to find 
any in vitro reactions of antibodies which 
are amenable to quantitative immuno- 
chemical study in the sera of individuals 
with the common allergies. It is possible 
that as more sensitive immunochemical 
methods of measuring antibody are de- 
veloped in vitro tests may be obtained. 
Perhaps the study of the sera of individuals 
sensitive to horse serum will prove of value 
in this connection; in one such serum 
quantitative measurements of precipitin 
have recently been made.*' In any event, a 
comprehensive picture of the quantitative 
aspects of the various allergic reactions in 
different animal species should serve as a 
convenient framework within which much 
of our knowledge can be coordinated. 
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Role of Histamine in Anaphylaxis 


and Allergy’ 


BRAM ROSE, M.D. 
Montreal, Canada 


T was recognized early in the study of 
anaphylaxis that the symptoms pro- 
duced by the injection of a foreign 
protein into a previously sensitized animal 
could best be explained on the basis of an 
explosive release of some toxic substance. 
Following the isolation of histamine from 
ergot,’ Dale and Laidlaw? came to the con- 
clusion that its pharmacologic effects in 
animals closely resembled those observed in 
anaphylactic shock and ventured the opin- 
ion that histamine might indeed be released 
in the latter phenomenon. When histamine 
was shown to be a normal constituent of 
tissues,* this possibility seemed even more 
likely and, in 1927, Dale* proposed the 
theory that histamine is liberated from the 
tissues of animals by cell stimulation result- 
ing from the interaction of antigen with 
antibody. He was careful to point out that 
histamine existed in cells as such and was 
released not formed by this mechanism. In 
1908, Von Pirquet® emphasized the close 
relationship between anaphylaxis and al- 
lergy and, in 1927, Sir Thomas Lewis® 
published his now classical observations on 
the triple response and H- or histamine-like 
substance. 

So great was the impetus to clarify this 
whole subject that a relatively enormous 
literature has grown and many reviews on 
the subject have appeared, the most recent 
being those by Feldberg,’ Dragstedt,* Code, ® 
Rocha e Silva,!® Selle,!! Rose,!? and Fein- 
berg.!* The present review is an attempt to 
consider some of the recent work on this 
subject as well as certain aspects of histamine 
metabolism which may be pertinent to the 
discussion as a whole. In this connection, 


two facts should be borne in mind: The 
first is that relatively little is known of the 
physiologic significance of histamine and the 
second is that most of our knowledge of its 
activity in allergic states is of an indirect 
nature. Practically all of the investigations 
which have been made rely on a biologic 
method of assay; and while it is generally 
agreed that histamine as such is being 
estimated, final proof must await chemical 
identification. 


METABOLISM 


Histamine is derived from histidine, one 
of the essential amino acids, by decarboxy- 
lation. In support of this, Anrep et al." 
were able to demonstrate an increase in the 
histamine excretion in the urine of patients 
to whom food was fed that was high in 
histidine. Normally, however, it is probable 
that this breakdown occurs in the intestine 
by the action of suitable bacteria. Histamine 
may be excreted, apparently unchanged, in 
the urine or inactivated by histaminase, an 
enzyme first isolated by Best'* from lung 
tissue. It may also be inactivated by tissues 
which do not contain histaminase. such as 
the kidney and liver of the rat.'® The 
metabolism of histamine is under the in- 
fluence of certain endocrine glands. Rose 
and Browne?’ noted an increase in the 
histamine content of the tissues of the rat 
following removal of the adrenal glands and 
this was confirmed by Marshall.?' The 
histamine content of the blood is also in- 
creased in both the rat?! and rabbit”? under 
these conditions. According to Gotzl and 
Dragstedt,** thyroidectomy results in a de- 
crease of the histamine content of the skin 


* From the McGill University Clinic and the Department of Allergy, Royal Victoria Hospital, Montreal, Canada. 
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and tissues of the rat whereas the adminis- 
tration of thyroid extracts increases its con- 
tent in these tissues. It is of interest to note 
that removal of these glands results in a 
decreased resistance to histamine?* as well 
as to anaphylactic shock.?*—** 


DISTRIBUTION IN TISSUES 


Histamine has been isolated in the crystal- 
line state from animal tissues by Best, Dale, 
Dudley and Thorpe* and, more recently, 
by Code and Ing’ from the blood of the 
rabbit. Using various biologic methods of 
assay, it has been shown to be present in 
most animal tissues but predominantly in 
the so-called ‘“‘shock’’ tissues such as the 
lungs of the guinea pig and the liver of the 
dog. In the mouse over 60 per cent is found 
in the skin.*° The blood of most animals 
contains histamine, the highest amount 
being found in the rabbit and the lowest in 
the cat.*’ In man, using Code’s modifica- 
tion*? of Barsoum and Gaddum’s method, ** 
most workers have found the blood hista- 
mine content to vary from 2 to 77/100 cc. 
expressed as base.** °° It is also present in 
small amounts in cerebrospinal fluid.*’ In a 
study of the histamine content of gastric 
mucosa in man Trach, Code and Wangen- 
steen** found an average of 10.2 mg. per Kg. 
in the antral portion and 5.8 mg./Kg. in 
the fundus. Pellerat'’ has recently shown 
that the histamine content of the skin of 
normal man varies from 16 to 24 mg./Kg. 
Although the tissue of the central nervous 
system is virtually devoid of histamine, 
Kwiatkowski**? found it to be present in 
large amounts in the peripheral sensory 
nerves. It is of interest that these are the only 
nerves capable of antidromic stimulation. 

Of great importance, however, is the dis- 
position of this histamine. Like other 
metabolites, such as potassium, the major 
portion of blood or tissue histamine is 
either bound to or held within the cell. It 
was first demonstrated by Code,*® and later 
confirmed by others,*°~* that 70 to 90 per 
cent of the blood histamine is held in an 
inactive state within the white blood cell 
elements, the small remainder circulating 
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in a free state in the plasma or held within 
the red blood corpuscles. ‘Tissue histamine, 
such as that of the lungs or liver, is held in a 
similar manner within the tissue cells.‘ *4 
It will be obvious, therefore, that in this 
bound and inactive form histamine consti- 
tutes a ready source of a powerful toxic sub- 
stance capable of instant action on release. 


PHYSIOLOGY AND PHARMACOLOGY 


It is not known what rdéle histamine may 
play in the economy of the organism. From 
the evidence at hand it seems likely that 
along with other vasodilator substances it 
forms part of the control mechanism of the 
circulation, balancing the action of vaso- 
constrictor substances such as adrenalin. In 
support of this concept, Feldberg*® as well 
as others*® have shown that the injection 
of histamine will stimulate the release of 
adrenalin from the medulla of the adrenal 
gland. Furthermore, Staub‘? has demon- 
strated that the intravenous injection of 
adrenalin in man will produce an increase 
of the histamine content of the blood plasma. 
Since plasma histamine is active, Staub*® 
suggests that this reciprocal relationship is 
part of the regulatory mechanism of the 
circulation. It is believed by some that the 
secretion of hydrochloric acid by the gastric 
mucosa may be mediated by histamine.‘ 
While there is no conclusive evidence to 
support this theory, McGavack et al.°° were 
able to suppress completely hydrochloric 
acid secretion in man by three to four weeks 
administration of benadryl, an antihista- 
mine substance, in high dosage. 

Pharmacologic studies on the actions of 
histamine are countless, for there is hardly 
an organ or tissue which will not respond in 
some way to this substance. For the present 
purpose, however, it will suffice to remem- 
ber its four main properties. These are, that 
it produces contraction of smooth muscle, 
that it produces dilatation of capillaries and 
venules in most species and, in man, the 
arterioles as well, that it markedly increases 
capillary permeability and that it is a 
potent stimulator of glandular secretion. It 
will become apparent immediately that 
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these properties could account for many of 
the symptoms and signs of anaphylaxis as 
well as those of allergy. In the latter, the 
constriction of the bronchioles and secretion 
of mucus is prominent in asthma. Dilatation 
and increased permeability of the capillaries 
are the basic changes in urticaria as well as 
those seen in vasomotor rhinitis. Similarly, 
in anaphylactic shock in most animal 
species the major changes observed may be 
reproduced by the administration of hista- 
mine and, as previously pointed out, it was 
this similarity in action of the two condi- 
tions, namely, histamine intoxication and 
anaphylactic shock, which led Dale to 
formulate the theory of histamine as the 
mediator of anaphylaxis and allergic symp- 
toms. Yet, as will be discussed later, there is 
increasing evidence that other factors must 
play a réle as well. 


METHODS OF DETERMINATION 


The original method of Barsoum and 
Gaddum,** as modified by Code,*? has been 
used by the majority of recent investigators 
for the determination of histamine in blood 
and tissue. It is assumed that histamine as 
such, whether in the free or bound form, is 
being extracted. Some doubt has been cast 
on this assumption by the recent work of 
Rocha e Silva,*! who has made use of chemi- 
cal combinations of histamine bound to 
amino acids by peptide linkage. Pharma- 
cologically, such compounds are inactive. 
Yet when they are subjected to the Code 
method of extraction, the histamine com- 
ponent is recovered quantitatively in an 
active form.!® It is possible, therefore, that 
the whole blood and tissue values, as deter- 
mined by Code’s method, are made up of 
inactive histamine bound to other amino 
acids as well as of free histamine itself. 
Furthermore, Pellerat'’ claims to have 
shown that a smooth muscle contracting 
substance may be extracted from urine by 
the Code method in addition to histamine. 
This substance, which ordinarily would be 
regarded as histamine, can be distinguished 
_ by the fact that its activity is not inhibited 
by antihistamine compounds nor is it in- 


AMERICAN JOURNAL OF MEDICINE 


547 


activated by histaminase. How far these 
observations can be extended to results re- 
ported by others will have to await further 
confirmation. In this review, however, 
these histamine-like substances are referred 
to as histamine base, in gamma per 100 cc. 
of blood or other fluid or gamma per Kg. 
of tissue. 


ANAPHYLAXIS 


There can be no doubt that histamine 
plays a major réle in the phenomenon of 
anaphylaxis in most animal species. How- 
ever, it must be emphasized at the outset 
that the histamine theory does not pretend 
and never claimed to reduce all the mani- 
festations of the antigen-antibody reaction to 
histamine effects.** The first demonstrations 
of histamine release as a result of antibody- 
antigen reaction were made independently 
in 1932. Bartosch, Feldberg and Nagel** 
showed the release of histamine from the 
isolated, perfused lungs of the sensitized 
guinea pig following addition of the specific 
antigen to the perfusing solution. Dragstedt 
and Gebauer-Fuellnegg®® were successful in 
demonstrating large amounts of histamine 
in the blood and lymph of the dog rendered 
anaphylactic. It was not, however, until 
1939 that Code** recorded the quantitative 
release of histamine into the blood of these 
two species thus firmly establishing histamine 
as a major factor in the production of symp- 
toms and clarifying the sequence of events. 

A consideration of anaphylaxis in relation 
to the histamine theory still leaves certain 
discrepancies unanswered. The guinea pig, 
perhaps of all animal species investigated, 
has until recently fulfilled most criteria. 
Thus, Code** established that sufficient 
histamine is liberated during fatal guinea 
pig anaphylaxis to account for the death of 
that animal. Many workers have shown 
that this species can be protected to a high 
degree by previous administration of anti- 
histamine compounds.!* 57:58 However, it is 
notable that although antihistamine com- 
pounds vary markedly in their antihista- 
mine activity some such as neo-antergan 
being much more potent than others 
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such as benadryl, the same dose of either 
compound affords protection against ana- 
phylactic shock.'*** Again, while the ad- 
ministration of pyribenzamine by aerosol 
inhalation will protect a large percentage of 
guinea pigs from the immediate effects of 
induced anaphylactic shock, Mayer, Brous- 
seau and Eisman** remark on the fact that 
some animals die within twenty-four hours 
apparently from some other cause. The 
same dose of pyribenzamine will completely 
protect these animals against fifteen lethal 
doses of histamine. The administration of 
papaverine, while able to protect 53 per 
cent of guinea pigs from anaphylactic shock, 
afforded no protection against histamine 
shock.®® It is thus apparent that other 
mechanisms beside histamine release must 
be participating in this phenomenon. Of 
considerable interest in this connection is 
heterophile anaphylaxis. When this antigen- 
antibody response is produced in the guinea 
pig with resulting fatal shock, there is no 
release of histamine into the blood.* It 
should be pointed out that heterophile 
anaphylaxis is the reverse, in a sense, of 
foreign protein anaphylaxis and the tissues 
exhibit signs of greater damage as a rule. 
However, it is still an antigen-antibody reac- 
tion even though in this case the antibody is 
injected into the guinea pig which possesses 
naturally occurring antigen.®* Thus, here is 
a form of anaphylaxis which seems at pres- 
ent to bear little if any relation to histamine 
release. It would be interesting to determine 
the effect of antihistamine derivatives on 
this reaction. 

There is much evidence which supports 
the theory of histamine release in canine 
anaphylaxis. In this species, Code*® has 
shown that not only is there a marked and 
explosive increase of the blood histamine 
but that the major portion is released into 
the plasma where it is free to exert its char- 
acteristic actions. However, if one examines 
the charts published by Code in his paper on 
anaphylaxis in the dog, it will be observed 
that while there is a rapid release of this 
compound which seems to bear a definite 
relation to the degree of shock occurring in 
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the early stages, profound shock leading to 
coma and death in the later stages was ob- 
served in the presence of a normal blood 
histamine. Commenting on this in a later 
review, Code states,’ ‘“‘While histamine 
seems quite clearly to be the cause of death 
in the early stages of the reaction, there is 
some difficulty in incriminating it as the 
lethal factor when its presence can barely be 
detected in the blood.” 

The liver has been regarded as the major 
site of histamine release in the dog; it has 
been shown by Ojers, Holmes and Drag- 
stedt® that the histamine content of this 
organ decreases following the production of 
anaphylaxis in the intact dog. It is also the 
site of heparin release as demonstrated by 
Jaques and Waters in 1941.%* However, it 
is probable that other tissues participate in 
the reaction as well for anaphylaxis has been 
produced in dogs with an Eck fistula® as 
well as in dogs from which the liver has been 
removed entirely. 

Finally, in this species histamine and ana- 
phylactic shock can be prevented in large 
measure by the previous administration of 
antihistamine compounds.** Here again, 
however, certain discrepancies have been 
observed. In their observations on pyri- 
benzamine, Yonkman, Oppenheimer et al.’° 
noted that, whereas this antihistamine com- 
pound prevents histamine-induced bron- 
chiolar constriction in isolated dog lung, the 
constriction produced by adding antigen to 
the fluid perfusing isolated lung from a dog 
previously sensitized was not inhibited. 
Bronchoconstriction is not a feature, how- 
ever, of in vivo anaphylaxis. 

Turning now to the rabbit, one is faced 
with an apparent reversal of events. It was 
first demonstrated by Rose and Weil,’’ and 
later confirmed by others,’?’* that acute 
anaphylaxis in this species was accompanied 
by a drastic decrease in the blood histamine. 
Furthermore, no consistent increase could 
be detected in the active plasma histamine. 
However, the fundamental reaction, namely, 
release of histamine from cells by antigen- 
antibody combination, was demonstrated 
by Katz.74 Upon the addition of horse 
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serum to the blood of a rabbit sensitized to 
this substance, he was able to show that 
histamine was liberated from the cells into 
the plasma. This observation, which was 
confirmed,’* was then taken as evidence by 
Dragstedt’® that histamine plays an active 
role in rabbit anaphylaxis. Dragstedt and 
his co-workers’? found that on addition of 
antigen to blood, which was_ perfused 
through the isolated lungs of a sensitized 
rabbit, histamine was removed from the 
blood, presumably by the lungs. However, 
in further experiments, Rose’? demonstrated 
that not only was the histamine content of 
the blood decreased during anaphylactic 
shock but also that of the tissues, particu- 
larly of the lung and spleen. It is perhaps 
pertinent to note that a marked decrease in 
the blood histamine of the rabbit can be 
produced by the injection of glycogen.78 No 
evidence of shock accompanies this phe- 
nomenon, however, and it is probable that 
the histamine is taken up in part by the 
lungs since there is a marked thrombocyto- 
penia at the same time. Providing such 
histamine remains in the combined or intra- 
cellular form in which it is inactive, no 
effects are produced. This is borne out by 
the fact that addition of glycogen to rabbit 
blood zn vitro does not release histamine from 
the cells into the plasma.’*® Thus, it appears 
reasonably clear, as emphasized by Drag- 
stedt,‘® that the fundamental phenomenon 
in rabbit anaphylaxis again is a liberation 
of histamine from cells into the plasma. It 
yet remains to be shown, however, whether 
antihistamine compounds are capable of 
inhibiting rabbit anaphylaxis. 

In the mouse, anaphylactic shock can 
readily be produced.’? In a comparative 
study on anaphylaxis and histamine intoxi- 
cation in this species, Perry and Darsie*® 
found that while fatal anaphylaxis could 
readily be induced the animals were quite 
refractory to histamine intoxication when a 
dose of approximately 400 mg./Kg. was 
administered intravenously. Mayer and 
Brousseau*' studied the effect of pyribenza- 
mine on these two conditions in the mouse. 
In controls, the injection of 500 mg. of 
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histamine per body weight killed 50 per 
cent of the animals used. If either pyriben- 
zamine or benadryl were administered in 
adequate dosage (10 to 25 mg./Kg.) fifteen 
minutes before the injection of histamine 
was made, contrary to expectations, the 
effect of histamine was enhanced and a dose 
of 375 mg./Kg. killed 100 per cent. In the 
mice rendered anaphylactic, on the other 
hand, some degree of protection was af- 
forded. Both these authors therefore con- 
clude that anaphylaxis in this species is not 
based on histamine release. Mayer and 
Brousseau*! explain their results in hista- 
mine poisoning by regarding histamine and 
the antihistamine compounds as two sepa- 
rate toxins each acting independently. Thus, 
the toxic action of pyribenzamine or bena- 
dryl decreases the amount of histamine 
required to kill the animals. They further 
explain the protective action of pyribenza- 
mine in mouse anaphylaxis on some other 
unknown pharmacologic property of this 
compound. If one is to consider pyribenza- 
mine as an inhibitor of anaphylactic shock 
in the mouse on some basis other than its 
antihistamine property, it is possible that 
anaphylaxis in other species may in part be 
inhibited by these antihistamine compounds 
in a similar way. This may in turn provide 
some explanation for the disparity between 
their antianaphylactic and antihistaminic 
activity. One may conclude from _ these 
observations that in all probability the 
release of histamine is not a factor in this 
form of anaphylaxis. It may be of interest 
here to refer to the experiments of De- 
kanski.*®° He has demonstrated a 100 per 
cent increase in the histamine content of the 
skin of the mouse following scalding. Ap- 
parently, this excess histamine is formed, 
not released, as a result of the injury. 
It would be of interest to know whether 
any similar mechanism exists in mouse 
anaphylaxis. 

While the réle of histamine has not been 
investigated in rat anaphylaxis, it has been 
shown that thyroidectomy decreases; and 
the administration of thyroxin increases its 
susceptibility to anaphylactic shock.** Simi- 
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lar results were obtained in the anaphylac- 
toid reaction to a single injection of egg 
white in these animals.* It is of interest to 
note that the latter condition can be in- 
hibited by antihistamine compounds. ** 


Finally, there remains the observations of 


Code and Hester,*4 who found that ana- 
phylactic shock in the horse and calf is 
accompanied by a decrease in the blood 
histamine. Andberg, Boyd and Code** were 
able to show that the injection of histamine 
in the horse produces respiratory symptoms 
indistinguishable from those associated with 
acute anaphylaxis in this species. However, 
other features such as cough and bladder 
contraction were lacking. 


MECHANISM OF HISTAMINE RELEASE FROM 
CELLS 


The older theories of anaphylaxis sug- 
gested that the toxic manifestations of this 
phenomenon might be due to the formation 
of protein breakdown or cleavage products 
resulting from proteolytic activity. Although 
our concept has changed to the more mod- 
ern one indicating that such a toxic sub- 
stance must be released and not formed, 
recent observations would seem to indicate 
that proteolytic action may indeed play a 
major role in this process. Two theories have 
been proposed along these lines. In investi- 
gating the mechanism whereby venoms are 
able to liberate histamine from cells, Feld- 
berg and Kellaway found that lysolecithin, 
a hemolytic enzyme, was formed. They sub- 
sequently showed that its formation was 
responsible for the liberation of histamine 
from organs perfused with snake and bee 
venoms.**’** It was argued that since cell 
structure is regarded as a complex of lipo- 
protein films*® in which histamine is fixed 
a splitting of these lipins could account for 
histamine release. This assumption, how- 
ever, would have to account for the fact that 
there is no evidence at present for the exist- 
ence of a hemolytic effect in anaphylaxis, as 
pointed out by Feldberg.’ 

Another approach to 


the enzymatic 
theory has recently been reinvestigated by 
Rocha e Silva.*' In 1909, Biedl and Krause 


emphasized the marked similarity between 
peptone shock and anaphylaxis. Lewis® and 
Dale* both suggested that protein break- 
down might lead to the formation of peptone 
which in turn might initiate a release of 
histamine. The observations of Feldberg, 
Kellaway and O’Connor,* and Dragstedt 
and his co-workers as well as of others, have 
clearly shown the remarkable similarity 
between the effects of peptone administra- 
tion and anaphylaxis. Thus, in the intact 
dog the injection of peptone causes a release 
of histamine into the blood,*! a decrease in 
the liver histamine,*®? an outpouring of 
heparin®®** and a marked thrombocyto- 
penia,*®* all of which occur in anaphylactic 
shock as well. Similarly, peptone adminis- 
tration in the rabbit causes a fall in blood 
histamine*®® and thrombocytopenia. Hista- 
mine, furthermore, is released from the 
white blood cells of the rabbit zn vitro on 
addition of peptone.*® All of these observa- 
tions, therefore, amply strengthen the con- 
cept that the release of histamine and 
heparin from tissue cells, as well as the 
thrombocytopenia, are initiated by a simi- 
lar mechanism in these two types of shock. 

Other substances such as animal venoms 
were shown to produce effects markedly 
similar to anaphylactic shock as well as to 
release histamine when injected into ani- 
mals.'°°!°! In considering these effects, 
Rocha e Silva'®! concluded that this prop- 
erty could best be explained by the fact that 
these venoms contain a proteolytic enzyme 
similar to trypsin since trypsin itself was 
able to produce effects indistinguishable 
from those of venoms. Further investigation 
by Rocha e Silva!” and Arellano, Lawton 
and Dragstedt!®* showed that trypsin was 
capable of producing many of the alterations 
in blood histamine in different species simi- 
lar to those occurring in peptone and ana- 
phylactic shock.’ While there are 
definite discrepancies, such as the failure of 
trypsin to release histamine in the guinea 
pig,'°®!°8 heparin in the intact or the 
inability of benadryl to prevent the symp- 
toms of trypsin shock in the dog or the 
guinea pig,'!? Rocha e Silva believed 
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that the evidence was sufficient to warrant 
a further search for a trypsin-like enzyme in 
anaphylaxis. 

Pursuing this idea, he and his co-workers 
demonstrated that in the isolated dog liver 
perfused with tyrode solution trypsin alone 
was capable of releasing histamine whereas 
peptone, ascaris extract or antigen required 
blood as the perfusing medium.!°*'!* Using 
blood preserved by the silicone method of 
Jaques et al.,'"! by means of which it may 
be kept from coagulating for several hours 
without deterioration of any of its constitu- 
ents, relatively enormous quantities of 
histamine and heparin were released from 
the isolated liver on addition of peptone. 
These surprising results made it obvious 
that whereas trypsin, a proteolytic enzyme, 
is capable of releasing histamine and heparin 
from the isolated dog liver in the absence of 
blood the latter, or one of its constituents, is 
essential for the release of these substances 
when peptone, ascaris extracts or antigen (in 
the sensitized liver) is used. 

The marked reduction in platelets and 
leukocytes which accompanies all these 
reactions both in the intact animal or when 
isolated liver is perfused with blood!!”114115 
was taken as evidence of their participation 
in the mechanism of histamine release. By 
making stained smears of liver tissue the 
platelets could be demonstrated within the 
parenchyma. It was shown that the degree 
of disintegration of these elements bore some 
relation to the quantities of histamine and 
heparin released. Thus, in the earlier 
experiments when heparinized blood was 
used as the perfusing agent sometimes little 
or no histamine was released and the plate- 
lets were found intact. With silicone blood, 
the platelets were found to be disintegrated 
and there was an accompanying enormous 
release of histamine and heparin.*"'!? Since 
platelets are known to contain kinase for 
plasma trypsin,’'® Rocha e Silva and 
Texeira''’ have formulated the theory that 
their disintegration activates a proteolytic 
enzyme, most probably trypsin, which in turn 
causes cell damage and release of metabolites 
such as histamine and heparin. In further 
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support of this attractive theory, Jaques, 
Rocha e Silva and Scroggie''® have demon- 
strated that plasma trypsin, or an enzyme 
like it, is activated in the dog liver perfused 
with silicone preserved blood to which pep- 
tone is added. Thus, fibrinolysis of the clot, 
which forms in the perfusate when prota- 
mine is added to inhibit the action of re- 
leased heparin,''’ was found to occur. 
Finally, soybean tryptic inhibitor which 
prevents the action of trypsin was also found 
to inhibit this fibrinolysis. Although these 
experiments have not been repeated for 
antigen-antibody reaction, they constitute 
a great step forward in our understanding 
of the mechanism of peptone shock in the 
dog and may shed more light on the mech- 
anism of histamine release in anaphylaxis in 
other species. 

Additional support of the theory that a 
tryptic ferment is responsible for histamine 
release has been furnished by Rocha e 
Silva.'?° He observed that papain, a mix- 
ture of proteolytic enzymes with some of the 
specific characteristics of animal cathepsins, 
is capable of releasing histamine by virtue 
of its ability to split benzoyl-l-argininamide. 
This is a specific substrate for cathepsin 11?! 
as well as a typical one for trypsin. Rocha e 
Silva'® has therefore suggested that hista- 
mine is held in the cell forming an amide 
linkage with either lysine or arginine. 
Synthetic compounds of histamine, chemi- 
cally bound to amino acids by a peptide 
linkage, were prepared and suggested as 
chemical models of tissue histamine. These 
compounds were pharmacologically inac- 
tive but upon acid hydrolysis which rup- 
tured the peptide bond the amine was 
liberated in active form.'” 

That protein breakdown occurs during 
anaphylactic shock in the dog has recently 
been shown by Miller.®? This cannot be re- 
garded as a specific result of anaphylaxis for 
it is known to occur following many other 
forms of injury.'?*!?4 Yet it supports the 
proteolytic theory of antigen-antibody com- 
bination. It is obvious, however, that by 
whatever basic mechanism histamine and 
other metabolites are released in an active 
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form in most types of anaphylactic shock. 
Whether a transient increase or decrease in 
the blood histamine occurs would seem to be 
less important and is simply an indication of 
shift of histamine from one locale to an- 
other. Of greater importance is whether 
during this shift it is released and how sensi- 
tive are the tissues with which it comes into 
contact. As will be pointed out, there is 
evidence to show that in the allergic or 
hypersensitive state certain tissues are much 
more reactive to histamine than when they 
are in the normal state. 

As in many other aspects of physiology 
there are species differences in anaphylaxis. 
The fundamental reaction of a release of 
histamine from cells by the interaction of 
antigen with antibody has, for the most part, 
been substantiated. As Code® rightly points 
out, the challenging problem is the damaged 
cell. While the injection of histamine may 
reproduce some of the symptoms of ana- 
phylaxis, it is not capable of producing the 
morphologic changes which result from 
anaphylactic shock.’ If present, it is released 
along with other substances as a result of 


this damage. That histamine plays a major 
role in this syndrome is beyond ques- 
tion and, as will be seen in another section 
of this symposium, confirmatory evidence, 
although it is of an indirect nature, is 
ample through the effect of antihistamine 
compounds. 


ROLE OF HISTAMINE IN ALLERGY 


The basic factors involved in the mech- 
anism of both allergy and anaphylaxis have 
led many to believe that they are manifesta- 
tions of one and the same phenomenon. As 
will be seen, this aspect of the field has not 
kept abreast of the evidence for the partici- 
pation of histamine in anaphylaxis. 

At the outset, it should be remembered 
that whereas acute anaphylaxis is a general 
reaction in which many of the body tissues 
participate, allergic phenomena are usually 
confined to one or two specific tissues such 
as the mucosa of the upper respiratory tract, 
the bronchiolar musculature and glandular 
tissue or the skin. While it is possible that a 
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marked increase in the blood histamine may 
occur in serum anaphylaxis in man or in 
constitutional reactions following the injec- 
tion of too large a dose of pollen extract, 
such determinations do not appear to have 
been made. 

The first presumptive evidence for a re- 
lease of histamine in allergy was reported by 
Lewis and Grant.'”> They observed that the 
wheals produced by stroking patients with 
sensitive skins contained a substance with 
some of the pharmacologic properties of 
histamine. It was not, however, until 
Barsoum and Gaggum** published their 
method for the extraction of histamine in the 
blood that any quantitative studies were 
attempted. There followed a few reports in- 
dicating that the blood histamine was in- 
creased in patients who had asthmatic 
attacks. Following the modification of 
the method by Code,*? he and MacDonald** 
noted that the histamine content of the 
blood of normal (non-allergic) individuals 
remained remarkably stable and _ these 
results were confirmed by Rose.*®? Mac- 
Donald and Haworth'*® then studied a 
group of asthmatics and could find no sig- 
nificant change in the blood histamine dur- 
ing attacks as compared to quiescent 
periods. Similar results were later re- 
ported by Rose'’*® on a larger group of 
patients. In contrast, Randolph and Racke- 
mann*® noted that the blood histamine was 
increased in some of their asthmatic patients 
during attacks. Since that time we have 
made many determinations of the blood 
histamine in patients with asthma, both in 
and out of attacks, without observing any 
correlation between the histamine content 
of the blood and the appearance of symp- 
toms.'*! As often as not, the blood histamine 
level was decreased during attacks as com- 
pared to quiescent periods. Studies on the 
blood histamine in patients with hay fever 
have yielded similar equivocal results.'*%13! 
More significant perhaps are the observa- 
tions of Myrhman and Tomenius'** who 
were able to show a marked increase in the 
histamine content of the stools of asthmatics 
as compared to those of normal subjects. 
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The sputum of asthmatics is said to contain 
histamine?’ and it has recently been found 
in the nasal secretion of patients with the 
common cold and rhinitis. 

Evidence of a more direct and convincing 
nature has been obtained in the studies on 
allergy and other conditions of the skin. 
Marked variations in the histamine content 
of the blood were observed in patients with 
urticaria, angio-edema and chronic ec- 
zema.'*° In the former two a decrease was 
noted with the onset of symptoms and wheal 
formation whereas in eczema the histamine 
content of the blood was often found to be 
increased. Wide fluctuation in the blood 
histamine, however, did not seem to be re- 
lated to the remissions or exacerbations at 
the time. By assaying the histamine content 
of the skin directly on biopsy material, 
Pellerat'’ has shown that a decrease occurs 
following burnsor freezing by ethyl chloride. 
The increase of histamine in the blood of 
patients following burns has been previously 
noted./**1!4° The skin histamine was also 
decrea*ed in various skin lesions of an al- 
lergic or other nature while the blood 
histamine was increased. Katz'*! has shown 
that histamine is liberated from the skin of 
allergic patients when wheals are produced 
by the intradermal injection of antigen. On 
the other hand, Abramson and his co- 
workers'*? were unable to detect histamine 
in similar wheals by the sensitive method of 
reversed iontophoresis. 

The relationship of histamine to dermato- 
graphia was indicated by Kalk’** who 
showed that following the production of 
wheals in sensitive patients one could detect 
the release of free HCl in the stomach. 
Similar findings were reported by Horton, 
Brown and Roth!* in patients with hyper- 
sensitivity to cold and, as a result, they 
attributed the systemic reactions observed 
to a general release of histamine into the 
circulation. The first direct estimation of 
blood histamine in physical allergy was 
made by Capps and Young'** who showed 
an increase in the blood histamine of a 
patient with photosensitivity following ex- 
posure to ultraviolet light. In earlier studies, 
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Rose*® was able to show a transitory increase 
of the peripheral blood histamine in five of 
ten patients with dermatographia following 
the production of whealing and in two of 
three patients with cold sensitivity following 
the application of cold. In a recent more 
detailed study of two patients with hyper- 
sensitivity to cold these observations have 
been confirmed and somewhat amplified.'*® 
It was found that these clinically indis- 
tinguishable patients differed basically in 
that in one the symptoms were due to 
histamine release whereas in the other some 
other metabolite must have been involved. 
These conclusions were based in one of 
these patients on a release of histamine into 
the plasma following exposure to cold, 
reproduction of symptoms by histamine 
injection and complete inhibition of symp- 
toms by the administration of antihistamine 
compounds. In the other none of these 
findings could be substantiated although 
exposure to cold resulted in the production 
of intense symptoms. In this connection, 
Peters and Silverman'** studied a case of 
heat allergy and concluded that acetyl- 
choline was probably the substance which 
mediated the reaction although they did 
not exclude histamine. ‘These findings may 
explain the discrepancy in the results ob- 
tained by treatment of such patients with 
antihistamine compounds as reported by 
others. 

In an attempt to explain the divergent 
findings of a normal high or low blood 
histamine level in patients with allergic 
manifestations, Rose!**!45 observed the ef- 
fects of both the subcutaneous and intra- 
venous injection on histamine on the blood 
histamine level. It was first observed that 
general changes in the peripheral circula- 
tion, associated with flushing of the face and 
neck, were common to all subjects whether 
allergic or not. Allergic manifestations, such 
as the production of transient asthma, 
urticaria, changes in the nasal mucous 
membrane or production of headaches, 
could be produced only in those patients 
who actively suffered from such complaints. 
Thus, rales and difficult breathing were 
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noted only in asthmatic subjects. Such ob- 
servations have been reported many times 
previously, notably by Weiss, Robb and 
Ellis.'*® The most recent contribution to this 
field is the interesting set of papers by 
Curry. He has observed that whereas the 
administration of histamine to normal sub- 
jects produces little or no effect on the vital 
capacity, a marked reduction occurs in the 
pulmonary vital capacity of patients who 
suffer from asthma following this proce- 
Antihistamine compounds ad- 
ministered one hour beforehand could 
completely inhibit this effect.'*® Rose’*® has 
further shown that in man the symptoms of 
histamine administration can be produced 
without an increase in the blood histamine. 
During the intravenous administration of 
this compound, the total blood histamine 
may actually decrease. Such findings are not 
surprising when compared to the results 
obtained in burn or traumatic shock in 


man,'*"!°° the changes which occur in 
rabbits’’ and horse and calf anaphylaxis. ** 
In the acute stages of all these phenomena 


the blood histamine is lower than normal. 

Reference must again be made to the 
state of histamine in the blood. Since the 
bulk of the blood histamine is contained 
within the white cell elements and since in 
this form it is inactive, an increase in this 
component of the blood histamine need not 
signify activity. Code and MacDonald** 
showed that the blood histamine can be 
markedly increased in patients with certain 
blood dyscrasias. In studies on the relation 
of the blood histamine to the cellular com- 
pounds of the blood in man values of 
1,0007/100 cc., nearly 500 times more than 
normal, have been found in patients with 
myelogenous leukemia.'**® Such patients are 
neither in shock nor allergic. Yet if this 
amount of histamine were suddenly re- 
leased, one can readily imagine the dire 
consequences when it is known that as little 
as 7 gamma of base injected intravenously 
can lower the blood pressure anywhere from 
15 to 80 mm. of Hg.'*! 

The demonstration by Katz and Cohen,'?® 
that the addition of antigen to the zn vitro 


Role of Histamine—Rose 


blood of patients suffering from hay fever or 
asthma causes a sudden release from the cells 
into the plasma, is of fundamental impor- 
tance. This is the counterpart of zn vitro 
anaphylaxis as originally shown by Katz'*! 
on rabbit blood. The effect of the adminis- 
tration of antihistamine compounds on the 
symptoms of various forms of allergy will be 
found reviewed in another section. Their 
ability to inhibit to a large extent the symp- 
toms of hay fever and urticaria'®*'!** is not 
as evident in the treatment of asthma.'®®!°® 
That this may be a question of dosage seems 
possible according to McGavack et al.°° 
However, certain aspects of their activity 
are pertinent. It should be noted that they 
may inhibit other substances such as acetyl- 
choline, as well as hyaluronidase, as recently 
demonstrated by Mayer.'®’ The implica- 
tions of this latter observation are obvious 
when the activity of hyaluronidase as a 
‘‘spreading factor” is recalled. Thus, these 
compounds do not provide absolute proof 
that the substance inhibited is histamine. 
Even the itching of various skin lesions, 
which seems to be so effectively controlled 
in the majority of instances, can be at- 
tributed to their anesthetic quality which is 
three times as potent as procaine.'*® 

Of considerable interest is the work of 
Ahlmark’** who has demonstrated a marked 
increase in the histaminase content of the 
plasma of women during pregnancy. He has 
shown that whereas little or no activity 
exists in the plasma of man or non-pregnant 
women there is a marked increase in preg- 
nancy which reaches its peak by the seventh 
month. These results have recently been 
confirmed by Rose et al.'®® Although the 
significance of this marked increase in 
plasma histaminase is not understood, since 
there is no alteration of the blood histamine 
during pregnancy,'®' it may have some 
bearing on the frequent observation that 
women suffering from any of the common 
allergic manifestations, such as asthma, hay 
fever or eczema, are often freed of their 
complaints when they become pregnant.’ 
Here again it must be remembered that 
plasma cholinesterase is increased as well'® 
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and in this connection Curry!** has shown 
that the tracheobronchial tree of pa- 
tients with asthma is even more susceptible 
to the effects of mecholyl chloride than to 
histamine. 

Much attention has recently been drawn 
to the possible allergic nature of demyelinat- 
ing diseases of the central nervous sys- 
tem.!°*~!66 On this basis histamine has been 
advocated as a therapeutic agent in the 
treatment of disseminated sclerosis.'®’ It 
should perhaps again be pointed out that 
while tissue damage of a permanent nature, 
with associated morphologic changes, may 
arise from antigen-antibody reaction, these 
changes do not result from the administra- 
tion of histamine itself. ‘That tissue lesions 
based on antibody-antigen reaction may 
occur in man is suggested by the recent work 
of Cavelti.!°? However, the basic mechanism 
of such damage is still obscure and it must 
be reiterated that the release of histamine, if 
and when it occurs, is the result and not the 
cause of such damage. 

In summary, it seems evident that two 
factors must be operative in patients with 
allergic disease with reference to histamine 
effects. These are: first, that the tissues must 
be hypersensitive to histamine and secondly, 
that there must be a shift of this substance 
from the intracellular or inactive form to the 
extracellular or free state. If this occurs in a 
local area of skin or mucous membrane, the 
amount of histamine released could hardly 
produce an increase in plasma histamine 
without causing systemic effects. When 
large amounts are liberated suddenly into 
the plasma, as in certain cases of hyper- 
sensitivity to cold, systemic effects become 
manifest. It should be noted, however, that 
such an increase is very transient in nature 
because of the rapid removal of histamine 
by body mechanisms. It seems probable that 
small amounts of histamine may be con- 
tinually released in some cases of allergy, 
producing local symptoms, and rapidly 
removed from the blood by means of kidney 
or intestine as evidenced by the increased 
histamine content of urine and feces under 
these conditions. A marked increase in the 


AMERICAN JOURNAL OF MEDICINE 


555 


total blood histamine without alteration 
of the plasma histamine is completely com- 
patible with absence of symptoms. 
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The Antihistaminic Drugs’ 


Pharmacology and Therapeutic Effects 


SAMUEL M. FEINBERG, M.D. 
Chicago, Illinois 


HE rapid developments in the field of 

antihistaminic drugs have resulted 

in enough confusion and misunder- 
standing to justify an attempt to summarize 
and evaluate the various phases of the 
subject. This paper consists of an evaluation 
of the essential experimental findings as 
well as clinical experiences with a number of 
antihistaminic drugs, some of which are al- 
ready available to the general medical 
profession and one or two others which are 
still in the trial stage at the time of this 
writing. Although this presentation will 
cover the work of other authors as fully as 
possible, it will stress mainly my own clini- 
cal and experimental experience. 


HISTORICAL BACKGROUND 


The histamine theory for the mechanism 
of anaphylaxis proposed by Dale and Laid- 
law! and the concept of histamine release in 
the allergic reaction suggested by Lewis and 
Grant? have been corroborated and ampli- 
fied by many experiments. Even though 
there are evident reasons to justify the be- 
lief that some of the manifestations of al- 
lergy and anaphylaxis cannot be explained 
by histamine alone, there is almost unani- 
mous agreement that histamine plays a 
prominent réle in the phenomena of hyper- 
sensitiveness. This realization has led in 
recent years to a concerted effort to find 
substances antagonistic to histamine. 

The amino acids, particularly histidine, 
cysteine and arginine, were among the first 
effective antihistaminic and antianaphylac- 
tic materials.* However, the ratio of their 
toxicity to their efficiency was so great as to 


make their use impracticable. In 1933, 
Fourneau and Bovet‘ reported that certain 
of their series of synthesized phenolic ethers 
had the ability to counteract the action of 
histamine in vivo-and in vitro. This was the 
impetus for the production of a series 
of such compounds. Among the most 
promising of these were thymoxyethyldi- 
ethylamine (929F)° and N-phenyl-N-ethyl- 
N’diethylethylenediamine (1571F).® These 
compounds, however, were also too toxic 
in proportion to their antianaphylactic and 
antihistaminic activity. 

The efficacy of the ethylenediamine radi- 
cal in 1571F was recognized and there 
began a further series of syntheses and trials 
of chemicals containing this radical. These 
efforts finally resulted in the first drug suffi- 
ciently effective to be used clinically, 
N’phenyl-N’benzyl-N-dimethylethylenedia- 
mine, or antergan (2339RP).’ This drug was 
first used clinically in France and found to 
be effective in the symptomatic relief of 
many allergic manifestations. The ratio of 
therapeutic efficiency to toxicity in antergan 
was stil] not sufficiently favorable. 


CHEMISTRY OF MODERN ANTIHISTAMINICS 


Although I shall stress the experimental 
and clinical findings of the drugs at present 
on the American market (benadryl and py- 
ribenzamine), I shall also briefly speak 
about others which are available outside of 
this country and of one or two others which 
shortly may be available here. The names 
and structural formulas of these drugs are as 
follows: 


* From the Department of Medicine, Division of Allergy, Northwestern University Medical School, Chicago, III. 
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Structural Formula Chemical Name Trade Name Manufacturer 


Rhone-Poulenc Co. 


N-p-methoxybenzyl-N- 
Paris, France 


dimethyl-aminoethyl-a- 
aminopyridine 


Neoantergan 


Pyribenzamine | Ciba Pharmaceutical 
Products, Inc. Sum- 
mit, New Jersey 


N’pyridyl-N’benzyl-N- 
dimethylethylenediamine 


Parke, Davis & Co. 


Benadry] 
Detroit, Michigan 


8-dimethylaminoethyl 
benzohydryl ether 


Ciba, Basle 
Basle, Switzerland 


2-(N-phenyl-N-benzy] Antistine 


aminoethy])-imidazoline 


Abbott Laboratorics 
North Chicago, IIl. 


N-(2-pyridyl)-N-(2-thenyl)-N’, 
N’-dimethylethylenediamine 


Thenylene 
(Abbott) 


Histadyl 
(Lilly) 


Eli Lilly & Co. 
Indianapolis, Ind. 


EXPERIMENTAL AND PHARMACOLOGIC 


The pharmacologic effects in animals and 
man are quite the same with each of these 
drugs although they may differ quantita- 
tively in individual activities.* The status of 
their comparative activities is, however, in 
confusion because of the tendency for experi- 
menters to vary their experimental technics 
both qualitatively and quantitatively. I 
shall therefore refrain at this time from 
emphasizing quantitative differences be- 
tween these drugs and shall limit my discus- 
sion chiefly to their major similarities. 

Antihistamine Action. Any one of these 
drugs administered to animals such as 
guinea pigs, dogs and cats is capable of pre- 
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venting fatal shock from histamine when 
injected intravenously. One type of experi- 
ment consists of noting the number of lethal 
intravenous doses of histamine tolerated by 
guinea pigs after a fairly large dose of the 
protective drug is given intraperitoneally. 
In such an experiment, for example, we 
found that 3 mg. of the drug per Kg. of 
animal protected against five lethal doses of 
histamine with benadryl, thirty-seven with 
pyribenzamine and 125 with neoantergan. 
We soon learned, however, that such com- 
parisons do not give an accurate conception 
of the efficacy of the drug. Such tremendous 
doses of histamine are far removed from the 
probable amounts released during anaphy- 
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laxis and the allergic reaction. The action of 
these drugs in preventing fatality from one 
lethal dose of histamine was regarded as 
more closely approximating physiologic 
conditions. On that basis we found® that the 
difference between such drugs as benadry] 
and neoantergan was not nearly as striking. 

Prevention of Bronchospasm from Aerosolized 
Histamine. ‘The inhalation of aerosolized 
histamine by guinea pigs produces broncho- 
spasm and dyspnea which progress to con- 
vulsions and death if exposure is continued. 
The prevention of these histamine effects 
by the prior administration of a protective 
drug has been utilized asa measure of antihis- 
tamine activity. Unfortunately, the technics 
of the various experimenters differ in many 
respects.'°"'* The route, dose and time of 
administration of the protective drug, as 
well as the concentration of histamine, time 
of exposure and details of administration 
may vary radically. Even the end point dif- 
fers materially. Many take death as the 
criterion, others convulsions and still others 
the first evidence of unquestioned dyspnea. 
For these reasons it is hardly ever possible 
to make fair comparisons of the efficiency 
of these actions of different drugs as reported 
by different experimenters. 

Nevertheless, the experience of others as 
well as our own indicates that judged by such 
general methods both pyribenzamine and 
neoantergan are highly effective in prevent- 
ing bronchospasm. We have performed simi- 
lar experiments using dyspnea as an end 
point and administering the protective drug 
not only by the usual route but by inhala- 
tion. These experiments were carried out 
with a wide variety of antihistaminic drugs 
and the details will be published elsewhere. 
We shall confine ourselves here to the drugs 
under discussion. Pyribenzamine and neo- 
antergan were of a high order of efficiency in 
the prevention of dyspnea due to aerosolized 
histamine. Benadryl, the thenyl compound 
and antistine showed definite protection but 
not as marked as was obtained with the 
other drugs. 

Histamine Contraction of Intestinal Strip of 
Guinea Pig. If an antihistaminic drug is 
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added to the bath in which a piece of guinea 
pig ileum is suspended, the contraction 
normally produced by histamine will be 
prevented by the addition of the antihista- 
minic agent. All drugs of the type described 
are capable of producing this effect.''14—~!" 
We have utilized this method quantitatively 
in a comparative study of a large series of 
drugs. The findings with all of these drugs 
and a critique of the method will be given 
elsewhere. We may state here that of the 
drugs considered in this paper, pyribenza- 
mine and neoantergan were the most 
effective, that is, the least concentration of 
the drug was required to inhibit contraction 
produced by a standard amount of hista- 
mine. The other drugs, however, also 
showed a high degree of this property. Con- 
tractions produced by other spasmogenic 
substances, i.e., barium chloride or acetyl- 
choline, were prevented to an appreciable 
extent by benadryl; the other drugs had 
only slight inhibitory effect. 

Antiwhealing Properties. In most types of 
allergic manifestations localized edema as a 
result of capillary permeability changes is 
the most characteristic phenomenon. Since 
a histamine wheal can readily be produced 
in the skin of man, it was thought that ob- 
servations on the inhibition of wheals pro- 
duced by histamine and other whealing 
agents might throw light on the potency of 
the drugs and their possible mode of action. 
By applying solutions of these drugs to 
scratches of the skin either prior to or in 
combination with the application of hista- 
mine, we were able to show!* that these 
drugs inhibit whealing due to histamine. By 
varying the histamine concentration in a 
series of scratches while keeping the anti- 
histamine concentration constant or by 
reversing the procedure, we were able to 
arrive at an approximation of the potency of 
this antiwhealing effect. Elsewhere we shall 
discuss in detail the data obtained by com- 
parative studies of this phenomenon with a 
large series of drugs. At present suffice it to 
say that the drugs discussed here were all 
active in this respect. In addition we found 
that the wheals produced by antigen-anti- 
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body reaction, codeine and similar sub- 
stances, were also inhibited. Last and 
Loew,'* in studies with benadryl and 
neoantergan on capillary permeability in 
rabbit skin, found that these drugs prevented 
or diminished the action of injected hista- 
mine but did not inhibit other agents 
causing increased permeability. I would 
suggest that this discrepancy may be due to 
the fact that rabbit skin is not as suitable as 
human skin for such studies. 

Other Properties of Histamine. ‘These drugs 
will combat the depressor effect of histamine 
on the blood pressure of the cat or dog. 
Although such observations are not com- 
plete for all drugs, none of the drugs studied 
from this viewpoint showed any ability to 
inhibit the histamine function of stimulating 
gastric secretions.2” As a matter of fact, 
Halpern has pointed out?! that when guinea 
pigs survive histamine shock from very large 
doses of histamine (300 MLD or more) by 
virtue of being subjected to large doses of the 
antihistaminic drugs, they are apt to develop 
acute perforating gastric ulcers in twenty- 
four to forty-eight hours. I have been able 
to corroborate this finding. ‘The presumptive 
explanation is, of course, that this particular 
function of histamine, the stimulation of 
gastric secretion, is not inhibited by the 
antihistaminic drugs, thus allowing the 
excess histamine to produce gastric hyper- 
secretion and an acute ulcer. It should be 
noted that McGavack and his associates”? 
claim that gastric secretion in man is de- 
pressed by benadryl. As time progresses we 
may find a number of functions of histamine 
which the so-called antihistaminic drugs are 
unable to combat. 

Antianaphylaxis. ‘The drugs under con- 
sideration have been found effective in 
the prevention of anaphylactic shock in 
guinea pigs and other laboratory ani- 
experience indicates 
that these drugs differ much less in this 
property than in their antihistaminic action. 
The antianaphylactic effect could also be 
demonstrated on the sensitized guinea pig 
ileum in vitro. In our preliminary work® it 
was indicated that less drug was required to 
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inhibit an anaphylactic contraction than a 
histamine contraction of similar magnitude. 
Such a finding would tend to cast some 
doubt on the concept that histamine release 
is responsible for the anaphylactic contrac- 
tions. However, more extensive experience 
indicates that the variations in the ana- 
phylactic contractility of various segments 
of the ileum of the same animal are so great 
that any conclusions based on the activity 
of different strips may be questioned. 

Other Pharmacologic Actions. ‘The drugs 
under discussion here (and other antihista- 
minic drugs) have a local anesthetic action. 
It is suggested by some that it is this local 
anesthetic action which is responsible for the 
relief of pruritus and possibly for other 
histamine effects. That this explanation is 
doubtful is indicated by the relatively small 
doses required for antiallergic effects as 
compared with the local analgesic action. 
These drugs are similar in that in small doses 
(in man) they produce sedation while with 
fairly large doses excitation is produced in 
animals and also in man. 

The toxicity of these drugs has been in- 
vestigated in various species of animals. In 
general, one may say that there are no 
striking differences between the drugs in 
toxicity studies although there is considera- 
ble variation in their sedative action .in 
man. It is established that the present 
series of drugs and most of the other new 
ones have much more favorable antihista- 
minic toxicity ratios than the amino acids 
or the early synthetic antihistamine com- 
pounds. Chronic toxicity studies in animals 
have thus far been practically negative. 


CLINICAL 


Considerable confusion exists with regard 
to the clinical action and function of the 
antihistaminic drugs. It should be clearly 
understood that they are solely palliative 
forms of medication. A dose of the drug may 
be effective for severa! hours, frequently 
only for two hours. -ost observers agree 
that there is no tendency for cumulative 
effects or persistence of action after the drug 
has been discontinued, even after a pro- 
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longed period of administration. It is ab- 
solutely futile to have a patient take such a 
drug for weeks or days or even hours pre- 
ceding an anticipated allergic episode such 
as seasonal hay fever. As a matter of fact, 
such abuse of this therapy may do harm 
because tolerance to the drug may result 
from long continued use. 

The action of these drugs is limited. They 
do not correct all of the manifestations of 
histamine or allergic action nor do they 
relieve any particular symptom completely. 
For example, the stimulation of gastric 
secretion by histamine is not inhibited, 
asthma is very little affected and many types 
of allergic manifestations are not benefited. 
Even in allergic phenomena in which the 
drug works well, urticaria or allergic 
rhinitis for example, 100 per cent inhibition 
of the lesion or symptom is practically un- 
known. The histamine antagonists are most 
efficacious in the patient who is on allergic 
management when the drug is made to 
serve as an aid to allergic therapy rather 
than as a substitute for it. The need for 
avoidance of allergens cannot be replaced 
by drug therapy nor are the antihistaminic 
agents substitutes for the more complete and 
lasting tolerance possible by desensitization. 
Antispasmodics, vasoconstrictors and ex- 
pectorants are still important remedial 
agents, sometimes as adjuncts to the hista- 
mine antagonists and at other times superior 
to them. 

Hay Fever and Perennial Allergic Rhinitis. 
Last year I reported on a series of 254 sea- 
sonal hay fever patients of whom 82 per 
cent received benefit from pyribenzamine 
and on 130 patients with perennial vaso- 
motor rhinitis of whom 64 per cent were 
helped.*°?’ Our subsequent experience has 
been about the same. Others?*~*! have re- 
ported comparable results. Our experience 
with neoantergan’®*? in various types of 
allergic rhinitis was also satisfactory but not 
quite as good as with pyribenzamine. Bovet 
and his associates**® report excellent results 
with neoantergan. Benadryl was also of 
help in these cases but the incidence and 
degree of relief were considerably less than 
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with the other two drugs. Some workers 
have claimed****° better results from 
benadryl than I have been able to obtain; 
one author*! has claimed results superior to 
those obtained with pyribenzamine. Our 
experience in the past year with anti- 
histaminic compound histadyl, known as 
thenylene by another manufacturer, indi- 
cates that it also is a potent and useful drug 
in these conditions. Antistine is also of 
benefit in some cases*”** but is much less 
consistent in its action than the other drugs. 

These five drugs, as well as the other 
histamine antagonists not discussed here, 
display individualistic behavior toward pa- 
tients. Perhaps it would be even more cor- 
rect to say that each patient is individualistic 
in his behavior toward these drugs. One 
patient may benefit from drug A and not 
from B; the next patient may show an 
exactly opposite response. As a matter of 
fact, sometimes a drug of very low general 
efficacy may prove to be the best drug for a 
particular person. 

As I have pointed out previously, the 
benefit derived in any one type of allergic 
ailment is limited. In allergic rhinitis the 
most marked result is in diminution of the 
hyperesthetic symptoms, itching and sneez- 
ing. The coryza is also pretty well controlled. 
The intranasal edema, however, responds 
less readily both in frequency and degree. 
One notices very often that the early symp- 
toms of hay fever may be well controlled 
whereas the late congestive stage may not be 
benefited as much. Perhaps the greater 
resistance to antihistaminic therapy shown 
by perennial cases is due to the fact that 
nasal obstruction is apt to be a more marked 
feature in this type of allergic rhinitis. 

In the more or less continuous phases of 
allergic rhinitis the drug should be used 
three or four times daily, usually in 50 mg. 
doses in the adult. When the symptoms are 
irregular, it is best to take the medication 
as needed and repeat in four to six hours if 
necessary. When the symptoms are con- 
fined to the morning hours, a dose of the 
drug on arising or after breakfast will 
suffice. In a good many patients, taking the 
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medication at bedtime may result not only 
in a better night but frequently in a better 
morning. The combination of ephedrine 
with the histamine antagonist may produce 
greater effects, particularly on nasal block- 
ing. When sedation from the antihistaminic 
becomes objectionable, the addition of a 
cerebral stimulant such as amphetamine or 
desoxyephedrine may solve the difficulty. I 
have found, however, that in most instances 
I could solve this problem even better by 
substituting another type of antihistaminic 
drug. Since in some individuals these drugs 
produce excessive dryness of the throat, 
measures to combat the latter may be 
necessary. 

In speaking of benefit from these drugs 
the statistics refer, of course, only to the 
number of persons helped and do not indi- 
cate the extent of benefit derived. ‘The per- 
centages are impressive but the degree of 
relief in many instances is far from satis- 
factory. The mild cases are helped more 
readily. By the same token, those whose hay 
fever has been partially improved by de- 
sensitization are more likely to obtain worth 
while effects from the antihistaminic drugs. 

Asthma and Allergic Cough. Asthma does 
not respond well to these drugs?”3%363738 
although more favorable results are reported 
by some authors.??*%4%4! In a small per- 
centage they are of some benefit but the 
degree of relief does not approach that 
obtained with the usual antiasthmatic 
drugs (ephedrine, epinephrine, aminophyl- 
line and iodides). The irritative preasth- 
matic or allergic cough responds more 
readily than the dyspnea and in this re- 
gard the action of these drugs may be better 
than that of the old antiasthmatic remedies. 
Children show a greater tendency to benefit 
than adults. At times, the combination of 
an antihistaminic drug with ephedrine or 
aminophylline, or both, may prove to be 
effective. I have noted a general misunder- 
standing among many physicians concern- 
ing the efficacy of these drugs in asthma. 
Very frequently I see patients with asthma 
who have been previously dosed with 
benadryl or pyribenzamine for weeks or 
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months without relief whereas a day or two 
of medication with the old antiasthma 
remedies quickly produced the desired 
result. In those patients who have asthma 
with their hay fever the .latter may be 
strikingly benefited while the asthma is 
not affected. Since such associated asthma 
is effectively prevented by pollen desensiti- 
zation, this constitutes a valid reason for not 
depending on the antihistaminic drugs in 
hay fever. 

It is not clear why asthma should be so 
refractory to the antihistaminic drugs. One 
possible reason is that.we may be dealing 
with a chemical mechanism in asthma which 
differs from that in hay fever. Another 
possibility is that the bronchial tissues may 
release a much greater concentration of 
histamine so that the amount of drug toler- 
ated orally is insufficient to combat it. For 
this reason I have experimented with 
aerosols of antihistaminic drugs, particu- 
larly pyribenzamine. Although the techni- 
cal problems are not entirely solved, it 
would seem possible not infrequently to ob- 
tain prompt relief with such therapy. 

Urticaria, Serum Sickness and Dermographism. 
Pyribenzamine and benadryl have been 
about equally effective in the symptomatic 
improvement of In ap- 
proximately 80 per cent of patients with 
urticaria and angioneurotic edema worth 
while relief of the discomfort of itching is 
obtained. ‘The edema is also diminished in 
many cases but not as consistently or as 
completely as the itching. In the serum sick- 
ness type of reactions consisting of urticaria 
or angioneurotic edema, arthralgia, fever 
and other symptoms occurring several days 
after the administration of serum, penicillin 
or sulfonamides, these drugs are also effec- 
tive. The joint symptoms in these patients 
are, however, more resistant to palliation 
than the tissue edema. The acute urticarial 
dermatoses appear to respond better to 
antihistamine medication than the chronic. 
In severe cases the drug is required every 
three or four hours and large doses, such as 
100 to 150 mg., may be necessary. In such 
instances pyribenzamine has the advantage 
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because larger doses are usually better 
tolerated than benadryl. The thenyl com- 
pound and have also 
been effective in these conditions. Good 
results have also been claimed for anti- 
stine*”** 4? but in our experience its effec- 
tiveness is not dependable. There is no 
evidence whatever to indicate that any of 
these drugs shorten the course of the urti- 
caria or serum sickness. 

One of the first clinical conditions in 
which the antihistaminic drugs were used 
was dermographia.**® The improvement in 
itching and welting prompted us to try 
these compounds as prophylactic medica- 
tion prior to the performance of specific 
skin tests in allergy studies of those patients 
whose dermographism prevented accurate 
interpretation of the tests. This was suc- 
cessful in the majority of such patients. One 
or two doses of the drug taken orally one 
hour and three or four hours prior to the 
performance of the tests eliminated most of 
the skin irritability while interfering very 
little with the specific skin response to the 
antigen. It is important, however, to keep 
in mind that such premedication might con- 
ceivably inhibit mild skin reactions sufh- 
ciently so that they become negative. 

Atopic Dermatitis and Other Types of Derma- 
litis and Pruritus. ‘The itching of atopic 
dermatitis (flexural eczema, infantile ec- 
zema, neurodermatitis) has been helped 
materially in most patients by the oral use of 
antihistaminic drugs.?&?*2% 30:33:44, 45.47 While 
usually only the itching is influenced, it 
happens not infrequently that discontinu- 
ance of the scratching may result in im- 
provement of the skin condition. In many 
instances the drug is required only at night. 
When sedation is of advantage, benadryl 
may act more favorably than pyribenza- 
mine. On the other hand, because of its 
greater sedative action, benadryl can rarely 
be used in ambulatory patients when large 
doses are required. Although there is indi- 
vidual variation in response to the different 
drugs, benadryl and pyribenzamine produce 
about the same incidence of relief. Neo- 
antergan and the thenyl compound are also 
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effective. It should be clearly understood 
that a goodly number of patients fail to 
obtain any degree of relief from these drugs. 

The itching of contact dermatitis was 
helped in some instances but not as fre- 
quently as in atopic dermatitis. In dermato- 
phytosis, eczema of the hands and itching 
dermatoses of unidentified types relief was 
sufficiently frequent to justify a trial of these 
drugs. Pruritus ani and pruritus vulvae 
were benefited in most instances by pyri- 
benzamine. In a few cases in which we tried 
benadryl, neoantergan and the thenyl com- 
pound similar relief was obtained. In other 
types of generalized pruritus there was 
occasional relief but in most of them, con- 
trary to the experience of some other work- 
ers, no benefit was obtained. 

Since we had shown’ that antihistaminic 
drugs applied locally inhibit the wheal and 
itching of histamine or the specific antigen, 
it was believed that topical application of 
such a drug as pyribenzamine might be use- 
ful in itching dermatoses. After considerable 
experimentation with solutions, emulsions 
and ointments of various concentrations we 
finally decided that a 2 per cent ointment of 
pyribenzamine hydrochloride in a water- 
washable ointment or a similar strength of 
pyribenzamine base in a petrolatum mate- 
rial was the most useful. Such ointments 
applied locally not only may augment the 
effects of the drug given orally but may even 
be effective at times when the latter fails. 
This topical therapy**® has been most useful 
in atopic dermatitis, particularly when the 
lesions are not too acute. Such therapy 
should not be used when the skin is raw or 
weeping. The ointment has been very 
helpful in a number of instances of pruritus 
ani. In other types of dermatoses with 
itching benefit was also obtained but not so 
regularly. 

Miscellaneous Conditions. ‘The data on gas- 
trointestinal allergy are meager. My own 
experience indicates that these drugs may 
help or prevent such manifestations but not 
in all instances by any means. McGavack 
and his associates”’ report relief of two cases 
of spastic colon and nine of functional 
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dysmenorrhea by the use of benadryl. My 
experience with migraine has not been very 
encouraging although some clinical reports 
present favorable results. I have seen the 
pruritus and the edema of a patient with 
dermatomyositis materially helped by py- 
ribenzamine. There has been some claim”? 
that cardiac asthma has been improved in 
some instances. Other conditions in which 
some degree of benefit has been claimed are 
insect bites and erythema multiforme. The 
itching and edema of a marked local reac- 
tion from the injection of a specific antigen 
during desensitization therapy can be bene- 
fited by a dose of one of the drugs. In the 
prevention of systemic reactions from de- 
sensitization therapy a 50 mg. dose of pyri- 
benzamine or similar drug taken thirty to 
sixty minutes prior to the injection may 
prevent the reaction and allow increments 
in antigen doses not otherwise possible. In 
my experience, however, this action is only 
moderately quantitative, that is, it is not 
sufficiently great to prevent reactions from 
excessive dose increments. 


ADMINISTRATION AND DOSAGE 


The antihistaminic drugs are generally 
administered orally, in the form of tablet, 
capsule or liquid. The usual dose for adults 
is 50 mg. A few patients respond to smaller 
doses while some require 100 or even 150 
mg. The large doses are not as well toler- 
ated with benadryl as they are with pyri- 
benzamine. Antistine requires larger doses 
than the other drugs. The dosage of bena- 
dryl or pyribenzamine in children under 
ten is 25 mg. but 50 mg. doses may be used 
if the smaller amounts are ineffective. For 
infants we usually give 10 to 20 mg. in the 
form of an elixir. 

The frequency of administration depends 
on the allergic manifestation and its behav- 
ior in the individual patient. For example, 
if the itching of atopic dermatitis is trouble- 
some only at night, a dose of the drug at 
bedtime is sufficient. If the allergic rhinitis 
manifests itself only for a couple of hours in 
the morning, medication on arising would 
be indicated. Frequently I have noted that 
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a dose of medicine at bedtime may prevent 
the severe sneezing spell in the morning. 
When the symptoms are more or less con- 
tinuous, three or four daily doses and some- 
times even more are required. At times, the 
addition of ephedrine, aminophylline or 
both may be of synergistic help particularly 
in asthma. If the antihistaminic drug pro- 
duces marked sedation, it may be combined 
with the above drugs or with dexephedrine 
or benzedrine. 

Benadryl can be given intramuscularly in 
doses of 10 mg. or more. Benadryl, pyri- 
benzamine and antistine have been ad- 
ministered intravenously. Such modes of 
administration are seldom indicated and 
when considered advisable should be used 
cautiously. 

I have already referred to other forms of 
administration: ointments, which may be of 
help in itching dermatoses and aerosols of 
pyribenzamine, which may be of aid in some 
instances in the relief of the allergic cough. 
Antistine has also been used in eye drops. 


UNDESIRABLE ACTIONS AND TOXICITY 


Side reactions from antihistaminic drugs 
are rather frequent. Sedation, differing 
mainly in degree, is one manifestation that is 
common to practically all of these and other 
related drugs not discussed here. Of the 
drugs discussed in this paper benadryl pro- 
duces the most marked sedation, antistine 
the least while the other drugs are inter- 
mediate in this action. The sleepiness from 
benadryl may be so intense that the patient 
may be unable to be on his feet. Other 
undesirable actions noted with these drugs 
are dizziness, lassitude and dryness of the 
mouth and nose. Additional effects noted at 
times have been palpitation, headache, gas- 
trointestinal irritation, dysuria, constipation 
and tightness in the chest. 

More serious untoward reactions have 
also been noted particularly with benadryl. 
The hypnotic effect of benadryl may pro- 
mote accidents.*°° Disorientation,®! marked 
excitation, epileptiform movements and ir- 
rational mind®* have been reported. Other 
toxic effects noted have been neuritic 
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pains*®® and reactions ending in circulatory 
collapse** and unconsciousness. A case of 
granulocytopenia probably due to pyri- 
benzamine has been described.*° ‘Two cases 
of generalized eruptions following the use of 
pyribenzamine for atopic eczema have been 
reported.°® 

It is apparent that many of the side ac- 
tions may be highly undesirable. One or two 
of the newer drugs, not discussed in this 
presentation, may be found to be freer from 
such unpleasant actions. It is important to 
keep in mind, however, that the possible 
remote toxic effects from these drugs are 
still not fully ascertained and may perhaps 
constitute the greatest hazard. Prolonged 
observation of blood counts, liver function 
and other tests will be required to answer 
this question for every new drug. 


SUMMARY 


1. The chemical structure of several anti- 
histaminic drugs—benadryl, pyribenzamine, 
neoantergan, antistine and thenylene—is 
described. 

2. These drugs inhibit histamine shock, 
prevent bronchospasm following exposure 
to histamine aerosols in guinea pigs, inhibit 
the histamine contraction of the guinea pig 
intestinal strip, prevent the depressor effect 
of histamine on blood pressure, protect 
against anaphylactic shock and against con- 
traction of the sensitized intestinal or uterine 
strip and inhibit the whealing action of 
histamine, specific antigens and other wheal- 
ing substances. They also possess a local 
anesthetic action, act as cerebral excitants in 
large doses and some of them have an 
atropine-like action. 

3. Clinically, these drugs offer sympto- 
matic benefit to patients with allergic 
rhinitis, urticaria and angioneurotic edema, 
serum sickness, atopic dermatitis and many 
forms of pruritus. They are not very effec- 
tive in asthma or migraine. 

4. The unpleasant reactions are frequent 
with most of these drugs, benadryl display- 
ing the highest incidence and the most 
marked effects. Sedation is the outstanding 
side action. Other unpleasant actions of the 
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drugs are dizziness, dryness of the mouth 
and nose, weakness, headache, insomnia 
and gastrointestinal disturbances. 

5. More serious toxic actions have been 
noted. It is important that the possibility 
of remote toxic effects be constantly kept in 
mind. 

6. It is emphasized that these drugs are 
not completely effective, that at best they 
are only palliative and that they do not 
relieve all phases of allergy. They are not 
substitutes for other antiallergic remedies 
such as epinephrine, ephedrine, aminophyl- 
line and iodides. While the antihistaminic 
drugs are valuable additions to our thera- 
peutic armamentarium, they do not obviate 
the need for the more basic and lasting 
effects of specific allergic management by 
methods of avoidance and desensitization. 
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Allergic Dermatitis’ 


A View of Its Immunologic and Biochemical Implications 


CHESTER N. FRAZIER, M.D. and ALLEN A. SMALL, M.D. 


Galveston, Texas 


LLERGIC dermatitis includes those in- 
flammatory lesions believed to re- 
sult from an altered state of tissue 

reactivity which renders the skin unusually 
sensitive to substances that ordinarily do 
not evoke grossly demonstrable reactions. 
The dermatitis may be acute. More often it 
is chronic with recurring exacerbations. 
The lesions are erythematous, vesicular or 
papular. In the more acute and active stage, 
when the epidermis is edematous, the lesion 
is frankly exudative or eczematous. Itching 
is the common symptom. It is often severe 
and leads to traumatization by scratching. 
Trauma is frequently a major factor in pro- 
Icnging the dermatitis as may also be 
secondary pyogenic infection or mild irrita- 
tion from numerous sources. 

In the acute stage of dermatitis the skin 
has a mildly swollen appearance and his- 
tologically there is edema both of the vascu- 
lar corium and the avascular epidermis. In 
the epidermis the presence of fluid gives a 
varying picture which depends upon the 
degree of edema. When minimal, there may 
be only vacuolization of the epithelial cells. 
When in excess, there is palpable vesicula- 
tion and in extreme cases bullous formation. 

In the chronic stages of dermatitis the 
skin becomes dry and thickened, and the 
surface markings are exaggerated. This gives 
the skin a lichenified appearance. In both 
the acute and chronic phases there is dis- 
turbance of epithelial keratinization which 
gives rise to desquamation of the keratinized 
or partially keratinized cells. In extreme 
cases, as in arsenical dermatitis, there is 
often widespread exfoliation and the tissues 
are edematous and highly inflamed. 


The terms used to describe the dermatitis 
are many. Eczema is perhaps the most com- 
mon. When the lesion is chronic and the 
skin lichenified, it is at times called neuro- 
dermatitis. In addition there are terms 
which attempt to suggest the cause or some 
underlying mechanism. Among these are 
atopic dermatitis, contact dermatitis, or 
dermatitis venenata, and drug dermatitis, 
or dermatitis medicamentosa. These and 
still others would seem to fall within the 
scope of allergic dermatitis. 

The allergic dermatoses have been placed 
in two categories depending upon the source 
of the excitant, and the route of contact, 
namely, intrinsic and extrinsic allergic 
dermatitis. In the intrinsic type the sensi- 
tizing agent enters the body chiefly through 
the gastrointestinal tract or by the vascular 
system as in the intravenous administration 
of therapeutic agents. In the extrinsic type 
contact is directly with the cutaneous 
surface. 

This differentiation is of advantage only 
from a clinical point of view since it is doubt- 
ful whether the route of exposure carries any 
essential immunologic significance. It. is 
generally assumed that the dermatitis in 
either case is related to an antigen-cellular 
antibody reaction. Although this explana- 
tion is based chiefly upon hypothetical 
grounds, the associated clinical circum- 
stances and immunologic phenomena seem 
sufficient justification for the assumption. 
The theory will serve at least for the present 
even though it is probable that new knowl- 
edge will in time prove it inadequate as a 
definitive explanation. 

It may be helpful to an understanding of 
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the presently conceived relation of the in- 
tegumentary system to the allergic state to 
consider briefly the historical developments 
which have brought these inflammatory 
lesions into the area of allergy. As early as 
1895, Jadassohn showed that patients with 
eczematous dermatitis, attributed to ex- 
trinsic causes, reacted with a similar derma- 
titis when small amounts of the suspected 
exciting substance were applied directly to 
uninvolved areas. However, it was from a 
different direction that observations were to 
demonstrate more clearly the relationship. 
This was the introduction of horse serum to 
the treatment of diphtheria, with its attend- 
ing serum sickness and associated cutaneous 
lesions, and the identification of this reac- 
tion with anaphylaxis. Even though the 
anaphylactic animal did not respond with 
cutaneous lesions characteristic of serum 
sickness in man, it was obvious that the 
urticarial wheal and its associated vascular 
phenomena were functions of sensitization 
to a foreign protein. The similarity of the cu- 
taneous sensitivity demonstrated by Jadas- 
sohn in eczematous dermatitis to that 
accompanying serum sickness became ap- 
parent when it was shown that the skin of 
a person sensitized to horse serum reacted 
locally to the foreign protein and that skin 
sensitizing substances were demonstrable in 
the blood. 

Postulates of Allergy. In testing for sensi- 
tivity two kinds of cutaneous response are 
observed in man: One is an immediate and 
transient reaction in the form of erythema 
and an urticarial wheal. This follows at the 
site of intradermal contact with the antigen. 
The other is a delayed response coming 
within twenty-four to forty-eight hours after 
direct contact of the unbroken skin with the 
antigen. This reaction is inflammatory and 
often vesicular. 

In the immediate reaction the tissue 
changes are those of edema and hyperemia. 
They are temporary and reversible and are 
related to vasomotor disturbances and im- 
perfections in permeability of the vascular 
membranes. Its clinical counterpart is 
urticaria and the functional erythemas, also 
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angioneurotic edema with its more pro- 
found disturbance in local fluid balance. In 
the respiratory tract there is a resemblance 
to the lesions of the mucous membranes in 
hay fever. 

The delayed reaction affects both the 
corium and epidermis. The tissue changes, 
when well developed, are organic and hence 
not reversible except through the processes 
of repair. However, the restorative process 
can now be greatly accelerated in certain 
cases by special measures. At its maxium, 
necrosis of the skin may occur, as exempli- 
fied by the Arthus phenomenon. The 
delayed reaction has its clinical counterpart 
in exudative or eczematous dermatitis. It is 
analogous to the tuberculin type of reaction. 

Although there is no specific histologic 
pattern which differentiates the allergic 
reaction, the frequent eosinophilic response 
may suggest the presence of allergy. Eosino- 
philia occurs with greater regularity and 
more prominently in the wheal-reacting 
form of allergy. 

In the blood of the guinea pig and of man 
sensitized to horse serum are found specific 
antibodies. These are of three kinds, namely, 
precipitins, smooth muscle sensitizing sub- 
stances and others capable of sensitizing the 
skin. It is around these functions of the 
sensitized organism, especially the skin- 
sensitizing antibody, that much of the argu- 
ment as to the identification of a dermatitis 
as allergic has centered. 

The differentiation of allergic disease in 
man depends upon the isolation of the of- 
fending allergen and the demonstration of 
its ability to excite the particular tissue or 
tissues to activity or upon amelioration of 
the reaction by removal from contact with 
the excited tissues. Secondly, it depends 
upon the demonstration of skin sensitivity 
to the specific antigen or of skin-sensitizing 
antibodies specific to the antigen, preferably 
both. 

Although immunologic evidence of al- 
lergy may be demonstrated with some regu- 
larity in anaphylaxis and serum sickness, it 
is not so readily demonstrable in al] the so- 
called allergic diseases of man. It is the 
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failure to satisfy the postulates of allergy and 
the inability, where these criteria are pres- 
ent, to relate them specifically to the clinical 
disease which has led to confusion. Often 
the results of such studies are equivocal and 
there is no way of establishing the relation- 
ship of the disease to the allergic state or of 
demonstrating what contribution the state 
of allergy may make to the pathogenesis 
of the lesion. It is with these uncertainties 
that we are faced in the study of allergic 
dermatitis. 

Intrinsic and Extrinsic Sensitization. As we 
have already stated, allergic dermatitis may 
result from either intrinsic or extrinsic con- 
tact with the causative agent. While in some 
instances the form of lesion and the dis- 
tribution of the eruption suggest the mode of 
contact, at other times this differentiation is 
quite impossible. When the contact is in- 
trinsic one would expect to find the seat of 
reaction in the corium. There would be the 
usual signs of inflammation. The nature and 
form of the lesion would depend upon the 
grade of inflammation and the extent of 
edema and extravascular cellular infiltra- 
tion. In the acute and milder grades of in- 
flammation vascular dilatation and edema 
not differing much from the urticarial re- 
action would be present. No hard and fast 
line can be drawn at times between the 
urticarial and dermatitic response. One 
may occasionally observe an_ urticarial 
reaction, or something closely approaching 
it, preceding the inflammatory reaction. 
This is often true of arsenical dermatitis. 
The condition known as erythema multi- 
forme is a classical example of a reaction 
that at one and the same time shows the 
signs of urticaria and dermatitis. It evolves 
with the suddenness of urticaria and lingers 
with the persistence of a dermatitis. Occa- 
sionally, it may show small hemorrhages 
into the skin or, perhaps, bullous edema. 
There may be lesions of the mucous and 
synovial membranes and involvement of the 
viscera. Osler once likened the condition to 
anaphylaxis. When the inflammatory proc- 
ess is more chronic, papulation of the skin 
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may be found and a state of lichenification 
may be present. 

In the extrinsic form of dermatitis the 
epidermis is the primary seat of sensitiza- 
tion. As the epidermis is avascular and 
composed wholly of epithelial cells, inflam- 
mation necessarily takes a different form 
than in the highly vascular corium. The 
lesion consists of accumulated fluid and a 
vesicle or bulla is formed. Vesiculation is 
the mark of epidermal reaction and exuda- 
tion that of vesicular rupture. 

Actually, however, whether the injury 
comes from within or without, both the 
corium and the epidermis show signs of 
disease. It is only the preponderance of 
reaction in one or the other part of the skin 
which may suggest the primary seat of 
sensitization. The complex reaction comes 
from the rapid diffusion of the irritant from 
the corium into the epidermis, or vice versa. 

Eistamine. It has long been the impres- 
sion that anaphylactic shock in the experi- 
mental animal and the allergic reaction in 
man may be related to a basic causative 
mechanism. It was early observed that the 
symptoms of anaphylactic shock were strik- 
ingly similar to those of histamine shock. 
Both Shultz and Dale were able to demon- 
strate that the isolated and perfused uterus 
of the sensitized guinea pig contracted force- 
fully upon contact with the sensitizing 
antigen in a manner identical with hista- 
mine. It was some twelve years later before 
the urticarial wheal was to be related to the 
same mechanism. 

Lewis and Grant,’ while studying the 
physiology of the blood vessels of the human 
skin, had their attention directed to the 
urticarial lesion which resulted from me- 
chanical injury to the skin of certain sus- 
ceptible persons said to be dermographic. 
This urticarial response to a single firm 
stroke on the skin they believed was set in 
motion by a diffusible substance similar to 
histamine which was released in the skin by 
the stroke. Susceptible subjects differed from 
normal subjects only in their susceptibility 
to injury. All persons reacted in a similar 
manner when the grade of injury was sufh- 
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cient. Agents evoking the reaction had one 
property in common, namely, they pro- 
duced damage to the tissues. By this action 
it was believed a substance is released which 
sets in motion a triple reaction consisting of 
a red line, a surrounding flush and a wheal. 
The first and last of the three components of 
this reaction are local in origin; the flush 
surrounding the wheal was shown to 
depend upon a nerve reflex. The triple 
response they considered a_ physiologic 
expression of a general mechanism of de- 
fense in the skin against injuries of all kinds. 
In the susceptible person it attracts attention 
only because of the relatively mild grade of 
injury required to liberate the diffusible 
substance. 

Histamine is a normal metabolite which, 
according to Code,’ is not the fundamental 
factor in anaphylaxis or in allergic reactions. 
It is liberated only as a consequence of 
damage done to the sensitized cells. It is the 
damage that is essential to the allergic or 
anaphylactic reaction; the liberation of 
histamine is purely incidental. Heparin is 
also liberated in some species and affects the 
coagulability of the blood. 

In recent years it has been suggested that 
acetylcholine,* a mediator of parasympa- 
thetic nerve impulses,’ is the chemical 
mediator of anaphylaxis or of the allergic 
reaction. There has been some speculation 
as to whether this effect might be due to an 
excess of acetylcholine or to inhibition of its 
catalysis through some defect of the choline 
esterases. Others were unable to demon- 
strate the presence of acetycholine in 
excised tissues from allergic animals.’ 

Although it is possible that histamine may 
be released in allergic disease, there seems 
to be no direct evidence that such is the 
case. Fluctuations in the histamine content 
of the blood in patients with allergic dis- 
eases such as asthma, hay fever and derma- 
titis are greater than in normal man but are 
not necessarily correlated with the onset of 
symptoms. Rose® could detect no variation 
in the histamine content of the blood in re- 
current urticaria although others have 
noted an increase. In angioneurotic edema 
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the level of histamine in the blood showed a 
moderate to marked decrease while symp- 
toms were at their height and returned to 
normal limits after their subsidence. 

The action of the antihistamine sub- 
stances, benadryl and pyribenzamine, on 
the manifestations of allergic disease in man 
have not clarified the position of histamine 
in the allergic reaction.’ Except in urticaria, 
these drugs have not controlled the reaction 
to a significant degree. Even in urticaria the 
results are variable and withdrawal of the 
drug is followed by the recurrence of lesions. 
There is little or no evidence that either 
benadryl or pyribenzamine affect allergic 
dermatitis except in allaying the itching. 
Nor would such an effect be expected in 
view of the assumed relation of histamine to 
the allergic reaction. 

Allergy and Dermatitis. "The basis for the 
assumption that allergy is a force in the 
causation of dermatitis and that the mech- 
anism is related to an antigen-cellular 
antibody reaction rests upon two prime 
observations: The first is its frequent occur- 
rence in persons with an immediate urti- 
carial type of cutaneous reaction to antigens 
derived from certain foods and inhalants. 
Such persons frequently also have or later 
come to develop allergic diseases such as 
hay fever and asthma. Among those indi- 
viduals there is apt to be a familial history 
of allergic disease. The second factor is a 
manifest sensitivity to foreign substances in 
small quantity, substances which ordinarily 
are not productive of dermatitis and which 
cause entirely different effects in the allergic 
state than they do in the non-allergic state. 

Related to the first is the dermatosis which 
by some is called atopic dermatitis, a term 
of doubtful propriety which includes the 
eczematous eruptions of infancy and child- 
hood as well as similar dermatoses incident 
to adult life. All these, in the minds of most, 
are eczema. 

The second includes the drug eruptions in 
which the immunologic and familial evi- 
dence of allergy found in the so-called 
atopic group is generally absent. Evidence 
of specific sensitization can often be adduced 
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in the drug sensitivities. There may be a 
tangible history of first exposure and the 
subsequent effect of the drug is often imme- 
diately apparent even to the patient. The 
second also identifies an extrinsic dermatitis 
due to contact with certain plants and 
chemicals. As in the drug sensitivities of 
intrinsic origin, immunologic and _ historic 
evidence of the allergic constitution is 
usually lacking. Unlike the drug allergies, 
however, there is greater difficulty in 
identifying the causative agent. Poison 
ivy and primula dermatitis are perhaps the 
best known examples of extrinsic allergic 
dermatitis. 

The immediate urticarial skin reaction 
cannot be demonstrated in the chemical 
sensitivities whether they proceed from in- 
trinsic or extrinsic contact. It seems possible, 
however, that this failure may be due to the 
use of the wrong allergen in that the simple 
chemical rather than its protein conjugate 
is used in the testing. In such cases, when 
specific cutaneous sensitivity can be demon- 
strated, it is a delayed inflammatory type of 
reaction not an urticarial reaction. There is 
good reason to suspect that the state of sensi- 
tivity existing in either case does not suffice 
to explain fully what goes on to produce the 
dermatitis. 

Intrinsic Allergic Dermatitis. We will dis- 
cuss two varieties of intrinsic allergic derma- 
titis: one occurs in infancy and childhood, 
the other in persons who become sensitized 
to arsenical drugs. The first is commonly 
known as infantile eczema or atopic derma- 
titis, names which we would prefer to re- 
place with the simple term, exudative 
dermatitis. This name is fairly descriptive 
anatomically and, since the cause of the 
dermatitis remains obscure, carries no 
etiologic connotation. In older persons a 
similar dermatosis goes by various names, 
including neurodermatitis. We have chosen 
arsenical dermatitis as an example of the 
second variety of intrinsic allergic dermatitis 
because of our familiarity with it and also 
because recently acquired knowledge con- 
cerning it opens to view a mechanism which 
may have a significant bearing on dermatitis 
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from other causes. Although the dermatitis 
of infancy differs in many respects, histori- 
cally, clinically and immunologically, from 
arsenical dermatitis, a fundamental similar- 
ity in their genesis seems not improbable. 

Exudative Dermatitis of Infancy. ‘The skin 
of the infant, whatever the nature of the in- 
jury, tends to react with a more edematous 
lesion than does the skin of the adult. The 
lesion is apt to be vesicular or bullous. 
Causes as diverse as the bite of an insect or 
infection with pyogenic cocci or Treponema 
pallidum frequently cause vesiculation or 
bullous formation in the infant. The epi- 
dermis, the seat of all such lesions, seems 
especially vulnerable to injury and reacts 
acutely in the only way given it, that is to 
say, by the accumulation of fluid. In the 
adult a well developed edematous compo- 
nent is less often observed, especially in the 
conditions mentioned above. The inflam- 
matory reaction is often greater in the 
vascular corium where it is marked by a 
preponderance of extravascular cellular 
activity and edema. Such differences are 
perhaps only quantitative; nevertheless they 
indicate less stability of the epidermal 
tissues in infancy than in adult life. At least, 
allergic dermatitis in infancy is usually 
exudative and the skin has a plethoric 
appearance. In the adult the dermatitis is 
inclined to be hyperplastic and dry. Be- 
tween the two extremes lie many variations. 

Certain epidemiologic aspects of eczema- 
tous dermatitis in infancy have been 
repeatedly emphasized as significant indi- 
cations of the allergic nature of the derma- 
titis. It is stated that as many as 50 per cent 
of infants with dermatitis give a familial 
history of allergic disease among their ante- 
cedents. A like history is obtainable from 
children who have asthma and hay fever. 
We were not, however, able to find any 
record of the frequency with which infants, 
unaffected by dermatitis or other allergic 
diseases, have a similar familial history. The 
statement is made that they do not; never- 
theless it seems desirable for the sake of 
accuracy that this point be established be- 
yond doubt. One criticism of similar con- 
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clusions drawn from the study of allergic 
disease is that they are often based on per- 
centages dealing with highly selected sam- 
ples, sometimes inadequate in number to 
give the noted differences statistical signifi- 
cance; or if the differences are of that 
magnitude, the bias introduced by the 
method of sampling is such as to invalidate 
the conclusions. 

It is also asserted that 50 per cent of 
children who manifest eczematous derma- 
titis already have asthma or hay fever or 
will develop these diseases before they reach 
the age of ten years. This would appear to 
be a highly significant correlation. However, 
one would want to ask about those infants 
with dermatitis who do not grow up to have 
asthma, and hence are not taken into ac- 
count; for it is assumed that only those who 
develop asthma later in life consult a 
physician and thus get into the clinical sam- 
ple. In other words, the conclusion is based 
on a sample of asthmatic children and not 
upon the entire population of once eczema- 
tous infants. 

Regardless of any fallacy which may be 
involved, we will assume for the purpose of 
the argument that ample reason exists for 
including the dermatitic and asthmatic 
children in the same group, thus relating 
dermatitis to allergy. Besides there are other 
functions which would relate the eczema- 
tous reaction to the allergic state. These 
have provided abundant reason for differ- 
ences in opinion as to the significance of 
allergy in the causation of dermatitis. 

Infants affected with dermatitis fre- 
quently carry skin-sensitizing antibodies in 
their blood and, when tested with antigens 
prepared from foods or inhalants, develop 
immediate wheal reactions at the site of 
contact. Multiple sensitivities occur in half 
of those tested. Among 100 such infants 
whom Hill® tested, local wheal reactions to 
egg albumin appeared in eighty-seven 
infants, twenty-six reacted to milk and 
seventeen to wheat. It was his belief that 
‘‘sensitivity to the protein of cow’s milk is 
probably the most important single cause of 
atopic dermatitis in infancy.” Concerning 
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egg white, to which most of the infants 
reacted, he concluded that it could be of 
little importance as a causative factor in the 
dermatitis since most of the infants had 
never eaten eggs; and when it was removed 
from the diet of those who had eaten it, 
there was usually no effect on the dermati- 
tis. So far as egg was concerned, it seemed 
necessary to differentiate the allergic state 
from allergic disease. But what of milk? By 
the same token was there any more reason 
to implicate it than the egg? Apparently not, 
for the same author went on to say, “‘I have 
seen nothing in the literature, including my 
own contributions, which leads me to be- 
lieve that anyone really understands infantile 
eczema or that there is now any method of 
treatment, dietetic or otherwise, that is con- 
sistently and entirely satisfactory.” It seems 
altogether probable that too much signifi- 
cance has been attached to the immediate 
wheal of the skin test in the eczematous 
child and, for that matter, in the eczematous 
adult. 

It remains obscure why the infant who at 
birth shows no sensitivity to egg white later 
develops this sensitivity without having 
eaten eggs. The phenomenon seems to occur 
in those infants predisposed genetically to 
the allergic state and later to allergic disease. 
Those who do not possess this apparently 
heritable capacity do not develop skin- 
sensitizing antibodies, even when fed egg 
white in quantity, nor do they develop der- 
matitis, asthma or hay fever. 

It has been demonstrated that 30 per 
cent of millers and bakers who are exposed 
to cereal dusts have wheal reactions to skin 
tests with cereal antigens but normally 
manifest no disease from this exposure.* At 
the other extreme is the person who, receiv- 
ing an injection of horse serum for the first 
time, dies in anaphylactic shock. And as yet 
no one, by artificial sensitization of man, 
has succeeded in producing any of the dis- 
eases attributed to allergy which spontane- 
ously develop at different ages. 

In eliminating the wheal-reacting type of 
allergy as of immediate significance in the 
production of allergic dermatitis, there are 
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the revealing observations of Hampton, 
Wing, Boker and Cooke!® who tested ap- 
proximately sixty infants and children, all 
with typical eczematous dermatitis. This 
they did by passive transfer of skin sensitiv- 
ity through the use of blood serum. Half of 
those tested gave positive wheal reactions to 
foods and inhalants. The others gave no 
reaction. The nature and course of the 
dermatitis were the same in both groups. 
The familial incidence of allergic disease 
was also equally divided. Asthma was 
present in ten patients. 

In a second group of twenty-seven pa- 
tients, who were hospitalized for dietetic 
study, fifteen had asthma, urticaria or hay 
fever in addition to dermatitis. When tested 
by passive transfer, the serum of seventeen 
children gave typical immediate wheals to 
one or several foods. In thirteen instances 
these tests were verified by a direct skin 
test. In an attempt to prove or disprove the 
causal relationship of the allergen giving a 
positive skin reaction to the dermatitis, it 
was found that the foods concerned could be 
eaten abundantly and continuously without 
any exudative skin reaction. In patients 
acutely sensitive to egg, peanut or honey, 
feeding of these foods caused urticaria to 
appear promptly but never dermatitis. The 
children could eat all other foods in quan- 
tity and indefinitely without developing any 
exacerbation of the dermatitis. It was 
thought that inhalant antigens such as pol- 
lens, danders and dusts could be excluded 
readily as causes of the dermatitis. | 

These observations afford the most criti- 
cal test yet to be reported which would 
nullify the factor of specific sensitivity to 
foods and inhalants as the principal cause of 
allergic dermatitis in infancy and childhood. 
The presence of skin-sensitizing antibodies 
of the immediate wheal reaction type does 
not specify the dermatitis as being directly 
related to the allergen or allergens responsi- 
ble for the positive results of the skin tests. 
Nonetheless, the frequent association of the 
allergic state with the dermatitis would 
indicate that enhanced tissue sensitivity 
contributes in some way to the readiness 
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with which cutaneous tissues respond to an 
injury not yet identifiable. 

Thus far the central interest in the prob- 
lem of allergic dermatitis has been directed 
toward the immunologic aspects of the 
disease and the technics of investigation 
have consequently been limited to those of 
the immunologist. But the results have been 
indifferent; a fresh point of view is badly 
needed. It is somewhat surprising, therefore, 
that until recently so little attention has been 
given to the observations of Hansen and his 
co-workers!! who, in 1933, published the 
first of a continuing series of papers dealing 
with the essential fatty acids and the ecze- 
matous patient. It is not unlikely that from 
this or similar advances in the problem will 
come knowledge which in time may identify 
important metabolic faults as essential fae- 
tors in the causation of eczematous derma- 
titis of this type. 

Seborrheic Dermatitis. Seborrheic mani- 
festations often precede an exudative der- 
matitis in the infant,® especially in fat 
babies in the early months of life. The proc- 
ess may begin with intertriginous inflam- 
mation in the large folds of the skin or as 
greasy scaliness of the scalp, the so-called 
cradle cap. From thence the eruption may 
extend to the face, neck and to the trunk. 
The lesion is a dry scaliness with only faint 
signs of inflammation. There is no exuda- 
tion. The scales may be so dry and profuse 
at times as to suggest psoriasis; more often 
they are yellowish and greasy. Unlike 
eczematous dermatitis, itching is not a 
symptom nor does the skin react to the tests 
for protein sensitivity. There is no evidence 
of an allergic state. After a few weeks or 
months, permanent recovery may ensue or 
the skin may become eczematous and exu- 
dative dermatitis may develop with demon- 
strable allergic sensitivity. 

The sequence of seborrheic and exudative 
dermatitis occurs often enough to suggest a 
causal relationship. The fact, that in the one 
there is, as a rule, no evidence of allergic 
sensitivity and in the other such evidence is 
so often adduceable, leads one to suspect 
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that the development of cutaneous sensitiv- 
ity may be a factor in the metamorphosis. * 

Drug Dermatitis. Idiosyncrasy to certain 
drugs and chemicals is manifest in a variety 
of cutaneous disorders in man, usually after 
the first contact or at times after prolonged 
contact with a substance that had been well 
tolerated. Only small doses of the drug are 
required subsequently to evoke the cutane- 
ous response often reproducible over a long 
period of time. The similarity to protein 
sensitization led von Pirquet to include the 
drug idiosyncrasies among the allergic dis- 
eases. Investigations were later carried out 
on the sensitization of animals to simple 
compounds of a non-protein nature known 
to cause hypersensitiveness in man. Ars- 
phenamine was found to produce ‘“‘symp- 
toms like those seen in anaphylaxis” in 
guinea pigs which were sensitized with a 
mixture of the drug and homologous serum 
and then injected with the same mixture 
after a suitable period of incubation.’ 
Others observed cutaneous reactions in 
guinea pigs sensitized to arsphenamine but 
found the reaction variable with the diet, 
namely, green fodder inhibited and dry 
fodder favored the sensitization.'* Cutane- 
ous sensitivity through extrinsic contact was 
induced by p-phenylenediamine but with 
greater ease, perhaps because of its firm 
chemical union with proteins of the skin 
after oxidation.‘ And more recently, ana- 
phylactic shock has been produced with 
simple chemical compounds, for example, in 
animals sensitized to azoproteins and in- 
jected with azodyes having the same azo 
component.'*® The reaction was specific and 
occurred with quantities of the dye as small 
as a fraction of a milligram. 

Most authors thought the simplest ex- 
planation of the mechanism of hypersensi- 
tiveness to simple chemical compounds was 


*In North China, exudative dermatitis ot infancy is 
an infrequent disease among the mass of common people 
as is also seborrheic dermatitis. This tact may carry some 
significance in view of the dietary habits of these people*! 
and the observed high unsaturation of their serum fatty 
acids.** Dietary tat is derived almost entirely from 
vegetable oils, the bulk of which consists of unsaturated 
fatty acids. 
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to relate them to the familiar processes of 
immunization, especially in view of the 
specificity of the reactions, and to assume a 
combination of the compounds with protein 
(as was probable in the case of p-phenylene- 
diamine). Rabbits had also been sensitized 
to formaldehyde by immunizing them with 
formalinized protein.'® Then Landsteiner 
got the same effects by using arsphenamine 
alone.'‘ 

Perhaps the chief difficulty in explaining 
the phenomenon of hypersensitiveness to the 
chemical substances lay in the uncertainty 
of demonstrating circulating antibodies 
even in the pronounced cases of human 
drug sensitivity. How important an objec- 
tion this may be remains a question. Never- 
theless, it is not necessarily true that when 
no antibodies are demonstrable in the blood 
they may not be on the sensitized cells. 
However this may be, there are reports of 
the occasional demonstration of such anti- 
bodies in cases of human idiosyncrasy to 
iodoform, iodine, mercury and to other 
similar substances. Recently, sulfadiazine 
has been added to the simple chemical 
compounds shown to stimulate the forma- 
tion of demonstrable antibodies in man and 
to react with these antibodies in the pas- 
sively sensitized skin.'* From such evidence 
there would seem to be ample reason for 
including the drug eruptions among the 
allergic dermatoses. 

The variety of anatomic lesions caused by 
drugs is limited only by the skin’s capacity 
of reaction. No one form of lesion is identi- 
fied with any one drug although certain 
drugs tend to produce lesions of similar 
character. Arsphenamine, for example, 
causes reactions which vary from a simple 
urticaria to exfoliative dermatitis, with the 
intermediate lesions of multiform erythema 
and purpura. Not infrequently all may be 
observed in the same person as they develop 
in sequence from urticaria to diffuse 
erythematous dermatitis with edema, exu- 
dation and, finally, exfoliation. At times the 
reaction is transient, as in urticaria; or 
again it may persist for weeks and even 
months as a severe inflammatory and ex- 
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foliative process. Other drugs such as the 
sulfonamides may cause bullous formations 
which merge into chronic exfoliative derma- 
titis; or again hemorrhage may be the only 
sign of sensitization in the form of purpura 
when the skin is involved or of diffuse 
bleeding in other organs such as the brain. 
Nodose erythema occurs at times with the 
bromides and nodose periarteritis with the 
sulfonamides. !*?° 

In their action as antigens, drugs not only 
vary in the form of lesion produced and in 
the organ affected but also, like living 
pathogenic organisms, they vary in the ease 
and frequency with which they cause 
disease in different species and individuals. 

While many of the cutaneous lesions 
occurring in drug sensitization are erythe- 
matous and urticarial in type and perhaps 
caused by the release of a histamine-like 
depressor substance, most are of the delayed 
reaction type in the form of a dermatitis 
which is indicative of a more profound and 
lasting derangement of cellular metabolism. 
The inflammatory lesions are not imme- 
diately reversible as are the urticarial le- 
sions. During the period of acute urticarial 
response, adrenalin often effects prompt 
resolution of the lesion as in serum sickness 
and at times in the urticarias of drug sensi- 
tization. The antihistamine drugs, benadryl 
and pyribenzamine, act likewise but when 
the reaction has gone beyond the early 
stage of whealing and hyperemia, as in the 
multiform erythematous lesions and derma- 
titis of arsphenamine sensitivity, they are 
ineffective except as they may allay the 
itching. Inasmuch as the dermatitis in such 
cases continues to be progressive beyond the 
period of effectiveness of the antihistamine 
drugs, it is only reasonable to assume that 
factors other than histamine must be sought 
to, explain the dermatitis. When once the 
process has become inflammatory, the urti- 
carial phase of the reaction vanishes not 
again to appear. If histamine is a force in 
the production of the cutaneous lesion, it 
must act early and not after cellular de- 
generation has commenced. It seems not 
unlikely that once the junction of antigen 
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and antibody has taken place, presumably 
with the release of a histamine-like sub- 
stance, the process is carried forward by 
other mechanisms quite distinct from the 
antigen-cellular antibody reaction. 

Extrinsic Allergic Dermatitis. ‘The extrinsic 
type of allergic dermatitis differs from the 
intrinsic variety primarily in the route of 
contact with the sensitizing agent. ‘The site 
of sensitization is initially in the epidermis, 
the outermost layer of which is composed of 
a protein, keratin, together with an admix- 
ture of fats. Hence it is the epidermis which 
develops the preponderant reaction, with 
extreme grades of vesiculation like that seen 
in poison ivy dermatitis. Almost at once, 
however, hyperemia also appears. Although 
this phase of the reaction is often moderate 
as compared with that in the epidermis, it 
indicates the rapid diffusion of the excitant, 
or a derivative, into the denser and more 
vascular structures of the corium. Unlike 
some cases of intrinsic dermatitis due to 
chemical substances the initial urticarial 
phase of reaction is absent. From the first 
the lesion appears inflammatory. 

In the drug eruptions as well as in ecze- 
matous dermatitis of infancy the initial 
reaction is in the corium but this is almost 
always followed either by mild edematous 
or vesicular changes of varying grades in the 
epidermis. The skin reacts as a whole. For 
this and other reasons, even though it is 
convenient to consider allergic dermatitis as 
either extrinsic or intrinsic, little is to be 
gained from holding to this convention 
longer than to establish the facts of contact. 
The reaction in either case is apparently 
actuated by the same or closely related 
mechanisms and these would appear to be 
closely related to that of anaphylaxis. This 
would seem to be true at least of the derma- 
toses following chemical sensitization. In 
the case of eczematous dermatitis of child- 
hood and its counterpart in the adult, the 
parallelism is more obscure. Nonetheless, in 
thinking of the allergic dermatoses it seems 
reasonable and desirable to hold them as 
intimately related to a common factor, 
namely, a state of altered tissue reactivity 
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in which the threshold of tissue resistance is 
lowered. 

Increased irritability is acquired by previ- 
ous contact with the allergen. This is shown 
in the case of sensitivity to poison ivy by 
observations on the infant soon after birth?! 
and on the Eskimo”? who has always resided 
beyond the zone of exposure. In both, the 
absence of cutaneous sensitivity to contact 
with extractives of the poison ivy plant, 
Rhus toxicodendron, has been demon- 
strated. However, a few weeks later, 75 per 
cent of the infants who at birth were found 
non-reactive responded with a dermatitis 
at the area of second contact, showing that 
they had been sensitized by the first expo- 
sure. It is estimated that a similar incidence 
of reactivity exists in the adult population 
of the United States. In England primula or 
primrose dermatitis is prevalent. As in the 
case of poison ivy, after the application of 
the leaf of Primula obconica for several days 
to the skin of a normal person, without any 
sign of reaction, an acute dermatitis was 
found to appear on the second day after 
the leaf was again applied if an interval of 
several weeks had elapsed between the two 
applications. ** 

The frequency of sensitivity to poison 
ivy in America corresponds to that for 
horse serum in those previously exposed 
by treatment. Other environmental sub- 
stances which at times provoke dermatitis 
do not show this widespread distribution of 
sensitization in the population. Schwartz 
and Tulipan** state that in twelve industries, 
where continuous contact with known sensi- 
tizing chemicals exists, the annual incidence 
of allergic dermatitis is around 1 per cent. 
A similar incidence of sulfonamide sensiti- 
zation is suspected. It is of interest, too, that 
about the same percentage of infants is esti- 
mated to develop eczematous dermatitis. 

Sensitization with Simple Chemical Com- 
pounds. ‘The mechanism by which simple 
chemical substances sensitize tissues has 
been the cause of much study. The fact that 
p-phenylenediamine (ursol), a sensitizing 
agent commonly employed in the dyeing of 
fur and hair, upon oxidation combines 
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readily and firmly with proteins, led to the 
assumption that the chemical is active anti- 
genically because of a protein conjugate 
formed in the tissues. Strong evidence of this 
was found in a study of chloro- and nitro- 
substituted benzenes. One of these sub- 
stances, 1,2,4-chlorodinitrobenzene, is a 
frequent cause of allergic dermatitis in fac- 
tories where it is handled. As there are 
theoretically more than 90 chloro-and nitro- 
substitution products of benzene, it was 
possible to study the correlation between 
sensitizing capacity and any _ chemical 
characteristic. It turned out that those 
products which do not sensitize the skin 
were resistant to treatment with an organic 
base (aniline) and with one exception to 
treatment with sodium methylate and ethy- 
late. Those that were potent sensitizers con- 
tained loosely bound Cl or NO, and formed 
substitution compounds with aniline by 
interacting with the amino group. From 
these observations Landsteiner?® concluded 
that the sensitizing chemical, 1,2,4-chloro- 
dinitrobenzene, and compounds having 
similar chemical activity depended upon 
conjugation in the body, probably with 
proteins. These findings were corroborated 
on human beings.”® 

This led to a study of similar compounds 
such as acyl and benzoyl chlorides and acid 
anhydrides. These, too, were tound to sensi- 
tize animals, presumably through their 
union with proteins in the body. Most in- 
formative, however, was the relationship 
between reactions of the skin and anaphy- 
laxis caused by acyl chlorides. Guinea pigs 
were sensitized with p-chlorobenzoy! chlor- 
ide injected intracutaneously. After a suita- 
ble interval, the skin was found to react with 
a dermatitis after direct application of the 
substance, and when a compound of 
p-chlorobenzoyl chloride and guinea pig 
serum was injected intravenously the ani- 
mals developed typical anaphylactic shock. 
From these observations it was inferred that . 
the two types of allergic manifestation are 
closely related.?”"?"* 

In the case of extrinsic dermatitis in man, 
sensitivity can be demonstrated only by sur- 
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face contact with the allergen. The reaction 
is delayed and in the form of a dermatitis. 
Skin-sensitizing antibodies of the immediate 
wheal reaction cannot be demonstrated in 
the blood nor can sensitivity of the delayed 
reaction type be produced by passive trans- 
fer to normal subjects. 

The production of cutaneous sensitivity of 
the delayed reaction type is far more easily 
achieved experimentally by direct applica- 
tion of the antigen than by other routes 
which as a rule are not effective. When 
sensitization has been established, however, 
introduction of the allergen through the 
gastrointestinal tract or through the blood 
may evoke a dermatitis at the previously 
sensitized area. This is observed in human 
cases of mercurial and sulfonamide sensitiv- 
ity. To our knowledge it does not occur 
naturally in sensitization to poison ivy in 
which it would appear that direct contact 
with the excitant is required to produce a 
dermatitis. It is also worthy of note that in 
the extrinsic form of allergy in man the skin 
plays the most prominent if not the only 
role in the allergic process. Desensitization 
of the skin has not been achieved. Eosino- 
philia does not develop as it does in the 
intrinsic form nor is there any reason to 
believe that histamine takes any part in the 
reaction. 

The question has arisen in view of these 
facts whether or not the skin can be sensi- 
tized directly without the participation of 
free antibodies as by the contiguous dis- 
tribution of the allergen through the skin 
from epithelial cell to epithelial cell. If cir- 
culating antibodies are not present, it is 
necessary to account for the phenomenon of 
generalized sensitivity of. the skin which 
exists in many cases. This question seems to 
have been definitely settled by Landsteiner 
and Chase?* who showed that the allergen 
is transported by way of the lymph vessels 
lying on the surface of the muscular layer in 
the skin of the guinea pig. When these ves- 
sels were interrupted, sensitization beyond 
an isolated area of original contact did not 
take place. 
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Vesiculation or lesser grades of epidermal 
edema are characteristic of allergic derma- 
titis. For this reason it seems not unlikely 
that the biochemical lesion of artificially 
induced vesiculation may be closely related 
to that of allergic dermatitis. Some vesicants 
are known to be antigenic. Others are re- 
lated chemically to the trivalent arsenical 
arsphenamine which sensitizes man and 
causes dermatitis. ‘The same chemical sub- 
stance, which prevents vesication upon con- 
tact with lewisite and other arsenical 
vesicants or restores the damaged skin, also 
has a curative action in allergic arsphen- 
amine dermatitis. These facts strongly 
suggest a common biochemical mechanism. 
Even should this prove to be an unwarranted 
assumption, the facts as they exist are so 
intriguing that a discussion of their possible 
implication is desirable. 

The vesicant action of arsenicals and 
other similar substances is conditioned by 
their ability to penetrate the keratin layer 
of the skin and thus reach the site of blister 
formation in the epidermis and also of 
vascular reaction in the small blood vessels 
of the deeper layers. In some instances, as 
with arsenious oxide, only prolonged and 
intimate contact with the skin may produce 
erythema and vesication. The arsenical 
vesicant, lewisite, being lipid-soluble, rap- 
idly penetrates the epidermis where it is 
hydrolyzed immediately to the correspond- 
ing toxic oxides.”® 

There is now an impressive body of evi- 
dence that the toxic effects of arsenicals are 
primarily related to the fact that they com- 
bine with —SH groups in the tissues and 
thus inhibit enzyme systems essential to cel- 
lular metabolism. When arsenic combines 
with tissue proteins, reactive —SH groups 
disappear®”*! and the closer the union the 
more serious the effect on the cell. A series 
of enzyme proteins containing free —SH 
groups are reversibly inactivated in vitro 
by arsenicals with the disappearance of ti- 
tratable —-SH groups.** This implies that 
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the toxic action of arsenicals is referable to 
similar sulfhydryl enzymes in living cells. 

When lewisite reacts 
with keratin, 75 per cent of the bound ar- 
senic is in combination with two thiol 
groups.”* This suggested the formation of a 
relatively stable ring structure. It seemed 
possible, therefore, that the high toxicity 
of trivalent arsenicals might be due to their 
combination with essential —SH groups in 
certain tissue proteins to form stable arseni- 
cal rings. If this assumption werecorrect, 
dithiols might combine to form relatively 
stable ring compounds with lewisite or other 
trivalent arsenicals and so compete effec- 
tively with dithiols of tissue proteins to pro- 
tect the enzyme systems.***# 

It was discovered that all vesicants, which 
comprise a heterogeneous group of: most 
diverse chemical characteristics, inhibited 
carbohydrate metabolism of the skin, indi- 
cating that carbohydrates could no longer 
be utilized. There is strong circumstantial 
evidence that many vesicants act at the 
stage of initial phosphorylation of glucose by 
poisoning hexokinase, an essential intra- 
cellular —SH enzyme and one which 
catalyses glycolysis at this point. The pyru- 
vate oxidase system is especially sensitive to 
poisoning by the arsenicals. In the case of 
mustard gas, however, it seemed improbable 
that the poisoning was due to an attack on 
—SH groups. There was a striking correla- 
tion between the vesicating property of any 
vesicant and its power to alter hexokinase. 
Reasons were also given for believing that 
phosphate-transferring enzymes, phospho- 
kinases, belonging to the same group as 
hexokinase, are inhibited.?% 5 

Some compounds not previously known 
to be vesicants were found to inhibit the en- 
zyme. Further examination of these showed 
the apparent lack of vesicancy to be due to 
rapid evaporation; when held tightly to the 
skin, vesiculation developed. Non-vesicants 
always failed to inhibit glycolysis, except 
that one or two alkyl halides, which pro- 
duced only edema, gave partial inhibition. 
The presence of glucose protected the 
enzyme to some extent and with high con- 


Allergic Dermatitis—Frazier, Small 


centrations a few vesicants failed to inhibit 
the enzyme. 

The original thesis that the dithiols 
might act to protect glycolysis was bril- 
liantly established.**#* It was proved that 
the cyclic thioarsenite formed by the inter- 
action of simple dithiols and _ trivalent 
arsenicals was more stable than those formed 
by the interaction of tissue proteins and 
dithiols. Because of this, the simple dithiols 
could compete successfully with tissue pro- 
teins for such arsenicals as lewisite or 
phenyldichlorarsine. 

This has been amply demonstrated in 
arsenical dermatitis in man.*®37 Arsenic 
bound in the tissues is released as shown by 
an increased excretion in the urine coinci- 
dent with the rapid and complete regression 
of dermatitis.*® Severe dermatitis from con- 
tact with diphenylamine chlorarsine, pres- 
ent as long as eighteen to fifty days, resolved 
rapidly and completely within two to eight 
days after the application of the dithiol, 
2,3-dimercaptopropanol (BAL or dimer- 
carpol), in ointment to the involved or even 
to the non-inflamed skin. Arsphenamine 
dermatitis likewise responded. 

In this connection it is worth recalling 
recent observations regarding the irritating 
toxicants of poison ivy and related plants 
of the Anacardiaceae.*® These are phenols 
or catechols characterized by a long un- 
saturated side chain attached to the ring. 
The reduction of the dermatitis-producing 
properties of these compounds both zn vitro 
and on the human skin may be achieved by 
the action of mushroom tyrosinase. 

The susceptibility of the skin to irritants 
varies with the species and in the same 
species among individuals. The skin of the 
rabbit is resistant to lewisite and reacts only 
with edema and hyperemia while that of 
man reacts violently. In both, however, 
inhibition of glycolysis is demonstrable; the 
difference is only quantitative. 

There is a similar variation among chemi- 
cal compounds in the power of vesicancy 
and, here again as in the living organism, 
variability differs only in the degree of 
damage to the tissues which they produce. 


AMERICAN JOURNAL OF MEDICINE 


~ 

f 

q 
v 
4 


Allergic Dermatitis—Frazier, Small 


ALLERGY AND THE BIOCHEMICAL LESION 


It is not so much the protective action of 
the dithiol, dimercaprol (BAL), which 
interests us as it is the power to restore in- 
tegrity to the skin in a dermatitis induced by 
sensitivity to a known chemical compound 
and the ability to identify the dermatitis 
with a specific biochemical lesion develop- 
ing during the allergic state. 

Identification of the biochemical lesion is 
not, however, sufficient to relate the derma- 
titis directly to the state of sensitivity or to 
show why it is that the presence of cellular 
sensitivity predisposes to the biochemical 
lesion once sensitization has taken place. 
Perhaps, however, further consideration of 
arsphenamine sensitization and dermatitis 
may serve to clarify certain aspects of the 
relationship. 

In arsenical dermatitis a common bond 
seems to exist between the immunologic 
and biochemical functions of the allergen. 
This may or may not be true of other aller- 
gens. Instead of the same substance acting 
both to sensitize the cells and then to poison 
an enzymatic system, it seems possible that 
each of these functions might be served by 
separate entities; one might sensitize, the 
other might inhibit certain metabolic func- 
tions of the cell. The action of the second 
need not be dynamic as in the case of 
arsenic; it could be passive as in the de- 
ficiency of an essential metabolite. Whatever 
the variation in detail, the result would be 
the same. 

In any case the cohesiveness of cells and 
the barrier between the inside of the cell and 
the outside, the readiness with which the 
antigen reaches the cell and the ease with 
which the cell membrane admits molecules 
of varying dimensions and arrangements 
must necessarily be critical factors in deter- 
mining the sensitization and destruction of 
the cell. It has been suggested that the cell 
membrane may be a lipo-protein structure, *° 
the protein component with active patches 
rich in —SH groups adsorbed on an under- 
lying lipoid envelope. If such were the case, 
the permeability of the membrane might 
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be affected by protein moleculesdenaturized 
by a hapten with an affinity for sulfhydryl 
groups. With disturbance in the intercellu- 
lar fluid matrix and increased permeability 
of the cellular membrane, changes in water 
balance would occur and the cell would be 
exposed to enzyme-inhibiting substances. 

The case of arsphenamine dermatitis has 
several significant features. The immunolog- 
ic properties of arsphenamine have already 
been discussed. Even though arsphenamine 
is immunologically active, it is not a vesicant 
under ordinary circumstances. Nevertheless, 
it may behave like a vesicant when applied 
directly to sensitized skin. This is demon- 
strated in the occasional patient recovered 
from an arsenical dermatitis. When a dilute 
solution of arsphenamine is applied to the 
intact and non-inflamed skin for a period of 
twenty-four hours or longer, a mild vesicular 
dermatitis has been observed to appear at 
the area of contact. This is the positive 
patch test. When small doses of the drug are 
given intravenously under such circumstan- 
ces, dermatitis does not develop. Neverthe- 
less, the allergic response may be measured 
by a sudden and transitory rise in eosin- 
ophiles in the blood. When doses of ther- 
apeutic size are given, a relapse of the 
dermatitis usually ensues. These facts carry 
a significant meaning for those cases of 
dermatitis growing out of sensitization to 
simple chemical compounds of the heavy 
metals. They may not, however, fully cover 
the dermatoses resulting from chemical sub- 
stances of a different order. 

Some of the powerful pupil constrictors, 
the miotics, such as the alkyl fluorophos- 
phonates and eserine, are enzyme inhibi- 
tors.*° These damage the choline esterases. 
This fact is of interest because of the proba- 
ble function of acetylcholine and other 
vasodilators, such as histamine, in the pro- 
duction of the urticarial phenomena to 
which Lewis called attention in his study of 
factitial urticaria. To this we have previously 
referred. It also offers room for speculation 
on the neurogenic factor thought to be in- 
volved in the urticarias and angioneurotic 
edema and perhaps in certain cases of 
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dermatitis in which there may be disturb- 
ance in autonomic activity. 

Although at present it is not clear how the 
eczematous dermatitis of childhood and its 
equivalent in the adult fit into this concep- 
tion of allergic dermatitis, certain aspects of 
the eczematous reaction do seem to conform 
to this line of reasoning. First, the cutaneous 
reaction is vesicular even though not to the 
grade seen in poison ivy dermatitis or in 
some of the intrinsic chemical dermatides. 
It occurs in persons who are surely allergic, 
as judged by the presence of skin sensitizing 
antibodies in the blood, even though the 
specific sensitivities cannot be related di- 
rectly to the dermatitis. In persons of 
eczematous constitution there is evidence of 
disturbed lipid metabolism as shown by 
alterations in the fatty acids of the blood. 
In dogs fed a fat-free diet, changes in the 
skin occur which in some respects are 
analogous to eczematous dermatitis or as 
nearly so as could be expected in a species 
naturally not responding with a vesicular 
reaction to any form of irritation. The lesion 
does, however, resemble quite closely sebor- 
rheic dermatitis.. These changes can be pre- 
vented or the integrity of the damaged skin 
resorted by the feeding of lard which con- 
tains an abundance of unsaturated fatty 
acids. It seems not unlikely in time it may 
be found that the eczematous reaction in 
infancy depends on a deficiency in lipid 
metabolism superimposed on, or otherwise 
related to, the allergic state, and like the 
dermatitis of simple chemical sensitization 
to be dependent upon interruption of gly- 
colysis or on some inability of sensitized cells 
to utilize the energy thus provided. 
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Drug Allergy” 


WILLIAM BOWEN SHERMAN, M.D. 
New York, New York 


HE consideration of allergies due to 

drugs separate from those due to 

other agents is, in a sense, an 
artificial distinction but is warranted by 
certain practical and theoretical aspects. 
While most of the common allergic diseases 
are easily recognized as such and _ their 
handling may be relegated to practitioners 
particularly interested in them, manifesta- 
tions of drug allergy are commonly en- 
countered in all kinds of medical and 
surgical practice and must be recognized 
by specialists in other fields. 

Many of the symptoms of drug sensitivity 
such as fever, leukocytosis, arthralgia, 
lymphadenopathy, erythema nodosum and 
scarlatiniform and morbilliform rashes are 
familiar as manifestations of infectious 
disease, not of sensitization to naturally en- 
countered extrinsic agents, and their allergic 
nature might well be questioned if they 
were not also characteristic of serum sick- 
ness which is known to be a protein sensiti- 
zation. The practical importance of this 
similarity to infectious processes is attested 
by reports of fatalities which have resulted 
when drug fever due to sulfonamides has 
been confused with a recurrence of infec- 
tion and the offending drug continued.’ * 

From the theoretical standpoint, there is 
reason to hope that further knowledge of 
drug allergy may contribute not only a 
broader concept of the manifestations of 
sensitization phenomena but also a better 
understanding of the réle of allergy in the 
pathogenesis of many of the infectious 
diseases. 

In this discussion, all agents introduced 
into the body for therapeutic or prophylac- 
tic purposes are considered drugs, the 
reaction to protein drugs such as hetero- 


logous antisera forming a convenient link 
between the familiar protein sensitization 
and many of the allergies to non-protein 
crystalloid drugs. Different drugs vary 
widely in their capacity to produce sensiti- 
zation, the allergenic activity having no 
relation to pharmacologic effects. Certain 
potent drugs such as epinephrine, caffeine 
and cascara sagrada are not known to cause 
sensitization while most of the familiar drugs 
produce such phenomena in occasional per- 
sons. A few drugs such as nirvanol and 
heterologous sera, in adequate doses, sensi- 
tize more than 90 per cent of patients. 

The term ‘allergy’ in this connection 
is less susceptible of precise definition. The 
word was originally introduced by von 
Pirquet to denote an altered reaction of an 
individual to repeated contact with an 
external agent; the presently accepted use 
of the term is limited to such reactions in 
which an antigen-antibody mechanism can 
be demonstrated or reasonably assumed to 
be present. Most of the naturally en- 
countered allergens are substances not 
toxic to normal persons and when an 
individual shows an unusual reaction to 
one of them its allergic nature is usually 
manifest. In the case of idiosyncrasies to 
drugs, most of which in excessive doses are 
injurious to all individuals, the distinction 
between allergic and pharmacologic or toxic 
reactions is often difficult. 

There are two criteria upon which the 
diagnosis of drug allergy may be made with 
certainty: First, the demonstration of anti- 
bodies which is usually possible in reactions 
to drugs of protein nature but rarely in 
cases of sensitization to crystalloid sub- 
stances and second, the occurrence of 
symptoms typical of allergic disease such 


* From the Division of Allergy, Roosevelt Hospital, New York, N. Y. 
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as asthma, rhinitis, urticaria.or contact 
dermatitis which are entirely distinct from 
the pharmacologic actions of the drug. A 
considerable number of other drug reac- 
tions, in which an antibody mechanism 
has not been demonstrated, may be classed 
as presumably allergic because of the 
similarity of their symptoms to serum sick- 
ness or other known sensitizations particu- 
larly by the appearance of symptoms five 
to fourteen days after the first exposure to 
the drug which is the time characteristic of 
antibody formation. On this basis, the drug 
fever due to sulfanilamide was recognized 
by Hageman and Blake‘ as a sensitization 
phenomenon although no antibody was 
demonstrable. 

In recent years, Rich*® and other 
pathologists have considered certain histo- 
logic changes occurring in experimental 
protein sensitization as characteristic of 
the allergic reaction and the diagnosis of 
drug allergy has been made on pathologic 
grounds in the absence of immunologic 
evidence. The specificity of these lesions, 
which will be discussed later in greater 
detail, has been questioned by Klemperer’ 
and they are at present best considered as 
suggestive rather than diagnostic of allergy. 

On the other hand, there are certain drug 
reactions in which a mechanism entirely 
unrelated to antigen and antibody is ap- 
parent and which can be readily excluded 
from the classification of drug allergy. 
Examples are hypersusceptibility to the 
normal pharmacologic or side actions of the 
drug and the mechanical results of crystal- 
lization of drugs such as sulfadiazine in the 
kidney tubules. 

Between the groups of drug reactions 
which may be classified as allergic or non- 
allergic with reasonable certainty, are 
several important types of idiosyncrasy 
such as hepatitis, agranulocytosis and 
thrombocytopenia due to drugs in which 
the present knowledge of pathogenesis does 
not permit a definite distinction between 
sensitization and toxicity. These symptoms 
are not observed in the common allergic 
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diseases or known protein sensitizations* 
and an antibody mechanism is not demon- 
strable. However, these reactions resemble 
sensitizations in that certain individuals, 
after prolonged or repeated exposures to 
ordinary ‘doses of drugs that at first cause 
no symptoms, suddenly. develop an idio- 
syncrasy and the: occurrence of such a 
reaction predisposes to recurrence_on sub- 
sequent exposure to the same drug.*~!! 
Loewy’? classified these reactions as ‘‘allerg- 
otoxic”’ rather than “allergic” on the ground 
that certain idiosyncrasies were charac- 
teristic of each drug in contrast to the 
classical concept that sensitization phe- 
nomena are the same regardless of. the 
causative agent. This distinction has. lost 
most of its validity with the recognition that 
not only drugs but all allergens are limited 
in the sensitization phenomena they pro- 
duce by the route of contact, solubility, 
distribution in the body and_ probably 
tissue affinity. Because of their clinical 
importance, these idiosyncrasies will be 
discussed further in order to elaborate on 
the evidence bearing on their classification 
as sensitization phenomena rather than as 
examples of proven drug allergy. 


SYMPTOMS OF DRUG ALLERGY 


Asthma and Rhinitis. Numerous drugs, 
proteins, vegetable gums and crystalloids 
may act as excitants of asthma and rhini- 
tis on exposure by ingestion, parenteral 
injection or inhalation (usually occupa- 
tional). In contrast to most other forms of 
drug allergy, these manifestations usually 
occur in persons predisposed by an hered- 
itary tendency to allergy. The attacks 
precipitated by drugs may be interspersed 
with those due to other agents and indis- 
tinguishable from them. Among the protein 
drugs causing these symptoms are papain 
(caroid)'* and pancreatin. Persons with an 


* Although acute thrombocytopenia is a feature of 
anaphylaxis in monkeys, and certain cases of Henoch’s 
purpura have been shown to be due to food allergy, the 
reports of thrombocytopenia in man attributed to food 
allergy are not conclusive. 
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hereditary allergic tendency have been 
known to develop asthma on occupational 
exposure to tuberculin with an immediate 
urticarial reaction to intracutaneous test 
rather than the usual type of tuberculin 
sensitivity.'* The vegetable gums such as 
acacia, karaya and tragacanth produce the 
same type of symptoms. As commercially 
available and as used for skin tests, these 
gums contain nitrogen and there is no 
conclusive evidence whether the allergic 
reaction is to protein impurities or to the 
carbohydrate itself.'* One aspect of practical 
importance is the widespread pharmaceu- 
tical use of these gums as excipients, or 
cohesive agents, in the manufacture of pills. 
Brown and Crepea’® reported the case of a 
patient in whom the occurrence of asthma 
and urticaria following the use of pyri- 
benzamine tablets was due to tragacanth 
used as an excipient and not to the pyri- 
benzamine. Most pills contain some sort of 
gum, the presence of which is not noted on 
the label, and the possibility must be con- 
sidered that reactions following their use 
may be due to allergy to the gum rather 
than to the pharmacologically active in- 
gredient. Sensitivity to the gums is readily 
demonstrable by scratch or intracutaneous 
tests. 

Among the crystalloid drugs producing 
asthma and rhinitis, aspirin is the most 
frequent offender but attacks due to qui- 
nine, sulfonamides,’ arsphenamine,'® peni- 
cillin’® and sulfonechloramides”® have been 
reported. Asthma due to soluble and readily 
diffusible drugs is more immediate and 
severe than that due to protein antigens 
and fatal attacks have resulted from doses 
of 5 to 10 gr. of aspirin.?""*? It is a familiar 
clinical observation, as yet unexplained, 
that aspirin sensitivity is more often associ- 
ated with the infective type of asthma than 
that due to foods or inhalants. As will be 
discussed in considering the immunologic 
aspects, skin tests with drugs such as aspirin 
are of no diagnostic value and are exceed- 
ingly dangerous. 

Urticaria and Angio-edema. Urticaria and 
angio-edema are commonly caused by 
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drugs (proteins, gums or crystalloids) and 
in any case of unexplained urticaria all 
medications the patient is taking must be 
considered possible factors. Even thiamine, 
an essential constituent of the body, when 
injected parenterally in abnormal amounts, 
may cause a sensitization manifested by 
urticarial reactions and an immediate 
positive response to intracutaneous tests.?>~*° 

Serum Sickness and Allied Reactions. ‘The 
symptoms of serum sickness, fever, skin 
rashes (usually urticarial but often maculo- 
papular or scarlatiniform), edema, lym- 
phadenopathy, arthralgia (sometimes with 
effusions into the joints) and peripheral 
neuritis have been reviewed by Longcope,”® 
Ratner”’ and others and need be mentioned 
only because of the frequency of similar 
manifestations in sensitizations to crystal- 
loid drugs. The incubation period of five to 
fourteen days after the initial dose is 
characteristic as is the accelerated or imme- 
diate response to subsequent injections in 
the individual already sensitized. 

Reactions indistinguishable from serum 
sickness, and with the same incubation 
period, are one of the most common mani- 
festations of sensitization to penicillin of 
both the amorphous and crystalline forms. 
Many other drug reactions show one or 
more of the typical symptoms of serum 
sickness appearing after the same incuba- 
tion period. 

Anaphylactic Reactions. When _heterolo- 
gous serum is injected into a person already 
sensitized by a previous injection or with a 
spontaneous sensitization to this animal 
protein, the immediate, severe and often 
fatal reaction characterized by dyspnea, 
circulatory collapse, urticaria and angio- 
edema resembles experimental anaphylaxis 
rather than ordinary serum sickness. Simi- 
lar reactions in varying degrees of severity 
may occur after repeated parenteral injec- 
tions of other biologic preparations con- 
taining foreign protein or proteose such as 
insulin,?*~*° liver extract,*! toxoids*? and 
virus and rickettsial vaccines prepared from 
egg yolk.** In the case of persons naturally 
sensitive to egg yolk, severe reactions may 
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follow the first injection.* With the doses 
ordinarily employed, sensitization to these 
biologicals is much less frequently induced 
than with foreign sera and the serum sick- 
ness type of reaction does not follow the 
first injection into non-allergic persons. 

Anaphylactic reactions (occasionally fatal) 
may also follow the intravenous injection of 
crystalloid drugs such as arsphenamine, 
quinine and thiamine.”**> The response to 
oral administration of drugs is usually 
slower but a few of the acute, severe reac- 
tions to the sulfonamides may be considered 
in this category.3*35¢ 

Drug Fever. One of the most common but 
most frequently misinterpreted symptoms of 
drug allergy is fever. Nirvanol, a drug 
formerly used for the treatment of Syden- 
ham’s chorea, produced drug fever in 80 
to 90 per cent of the patients who received 
adequate doses. Similar febrile reactions 
have been reported to all the common sul- 
fonamide drugs the incidence varying from 
2 to 16 per cent with the various drugs. ‘The 
onset of fever is abrupt, most often on the 
seventh to tenth day, the incubation period 
corresponding to that of serum sickness and 
the usual time of antibody formation. ‘Tem- 
peratures of 104 to 106°F. are not unusual, 
the fever is often but not always accom- 
panied by a skin rash, usually maculo- 
papular. ‘The leukocyte count may remain 
normal or rise as high as 30,000: with a 
predominance of neutrophiles, the eosino- 
philes are only occasionally increased. 
When the drug is discontinued, the fever 
usually subsides in forty-eight to seventy- 
two hours; but subsequent doses after 
recovery Cause an immediate recurrence. 
Short courses (two to five days) of the sul- 
fonamides may produce sensitization but 
the drug may be completely eliminated 
before symptoms develop, so the allergy is 


*Stull has reported an exceptional case in which 
injection of equine encephalitis vaccine, made from egg 
yolk, into a normal person produced a clinical sensitiza- 
tion to egg manifested by gastrointestinal symptoms 
after eating eggs. 

{+ The mechanism of the severe and sometimes fatal 
collapse reactions following use of local anesthetics 
such as pontocaine and procaine has not been clearly 
established. 


AMERICAN JOURNAL OF MEDICINE 


589 


first manifested by an immediate reaction to 
subsequent use of the drug.*® Among other 
types of drugs causing drug fever are iodides, 
thiouracil,?’ atabrine,** penicillin’? and 
streptomycin. The physiologic mechanism 
of drug fever is not known nor is its relation 
to the histologic changes attributed to drug 
allergy clear. While practically all patients 
with drug fever recover completely if the 
causative drug is stopped promptly, it is 
significant that fever and skin rashes have 
been outstanding symptoms in many of the 
cases in which necropsy has revealed ex- 
tensive vascular and focal lesions. 

Drug Rashes. Cutaneous eruptions are 
the most common manifestations of drug 
allergy and show many morphologic varia- 
tions some of which, such as the acniform 
eruptions due to iodides and bromides, are 
typical of certain groups of drugs while 
others are produced by many different 
agents. The rashes due to the sulfonamides 
are fairly typical of the common varieties. 
When the sulfonamides are given by 
mouth, the indicence of skin rashes is 2 
to 5 per cent. The first manifestation is 
usually a diffuse morbilliform rash appear- 
ing, with or without drug fever, on the 
seventh to fourteenth day of the initial 
course. If the drug is stopped promptly, the 
rash usually fades in a few days. If the drug 
is continued, the rash may progress either 
to purpura‘'’*? or to an intense confluent 
erythema going on to exfoliation.**** At 
this stage, the rash fades more slowly after 
elimination of the drug. The sulfonamides 
also act as photosensitizers and any of these 
rashes are made worse by exposure to sun- 
light.**~*6 Once the skin has been sensitized 
by the occurrence of a maculopapular rash, 
subsequent doses of the same drug may 
produce an intense scarlatiniform rash 
within twenty-four hours. The topical 
application of sulfonamides may also give 
rise to contact dermatitis, usually a localized 
vesicular eruption. The controlled studies of 
Sulzberger and co-workers*® showed that 
local applications of sulfonamides over a 
period of two weeks produced sensitization 
in 19 per cent of 253 cases, the incidence 
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being highest if the more soluble com- 
pounds, such as sodium sulfadiazine, were 
applied and also if the application was 
directed to inflamed or injured skin. Despite 
the differences in appearance of the erup- 
tions resulting from internal and _ topical 
use, the fundamental skin sensitization is 
apparently similar and once established 
the reaction may be elicited by either form 
of contact. Thus, patients who have been 
sensitized by oral use often show posi- 
tive patch tests** and develop dermatitis 
promptly on topical application of the drug 
while those who have recovered from con- 
tact dermatitis are apt to have local or 
general recurrences after oral administra- 
tion. Although the contact dermatitis usu- 
ally appears to be a local phenomenon 
without general reactions, patients with 
severe cases may develop fever up to 103°F.*° 
and patients sensitized by surface contact 
may react to oral administration of the drug 
with chills, fever and marked eosinophilia, 
suggesting constitutional as well as skin 
sensitization. °°?! 

Skin rashes essentially similar to those 
caused by sulfonamides are produced by 
numerous other drugs including quinine, 
mercury compounds, atabrine,*® arsphena- 
mine, thiouracil,®” penicillin and strepto- 
mycin.*° In the case of drugs used both 
topically and internally, the same relation- 
ship between the dermatitis resulting from 
internal use and contact dermatitis is 
observed. 

Contact dermatitis may also be _ pro- 
duced by many other drugs used locally such 
as sulfur, formalin and procaine and other 
local anesthetics. It does not differ clinically 
from contact dermatitis due to non-medi- 
cinal agents many of which are non-protein 
in nature. 

Space does not permit discussion of all 
the specialized forms of drug eruptions 
which have been reviewed by Sulzberger, ** 
but two types warrant brief mention. Ery- 
thema nodosum is an eruption of character- 
istic clinical appearance and _ histologic 
features of histiocytic proliferation and 
perivascular infiltration not unlike some of 
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the visceral lesions attributed to sulfonamide 
sensitization. Lesions with the same clinical 
and pathologic appearance appear as mani- 
festations of rheumatic fever, tuberculosis 
and reactions to drugs such as iodides, 
bromides, sulfonamides,** thiouracil®® and 
penicillin.** When due to drug allergy, they 
usually appear after relatively long (three 
or more weeks) exposure to the causative 
drug, disappear in a few days when it is 
eliminated but recur promptly on subse- 
quent administration. These lesions are 
believed to represent sensitization phe- 
nomena common to drugs and infections 
but which have not been known to be 
caused by other extrinsic allergens. 

The fixed drug eruption is of interest as a 
striking example of localized tissue sensi- 
tivity to a systemically absorbed allergen. 
This type of reaction, caused by such drugs 
as phenolphthalein, antipyrine, amidopy- 
rine, arsphenamine, alurate*’ and the sul- 
fonamides,**'°? is characterized by the 
presence of sharply localized areas of skin or 
mucosa with an itching erythematous erup- 
tion which develops on ingestion of the caus- 
ative drug. Between exposures tke sensitive 
areas may appear normal or somewhat 
pigmented. The affected areas of the skin 
may or may not show positive reactions to 
patch tests with the exciting agent, the re- 
mainder of the skin invariably giving nega- 
tive reactions. Several experimenters have 
exchanged skin grafts between the areas in- 
volved by fixed eruptions and other areas on 
the same patient but the results have not 
been uniform. Naegeli, de Guervain and 
Stalder® reported that a Thiersch graft from 
an area sensitive to antipyrine remained sen- 
sitive in its new site while Wise and Sulz- 
berger®! and also Loveman®’ found that 
full-thickness grafts from areas sensitive to 
phenolphthalein and alurate, respectively, 
lost their sensitivities in new sites and that 
normal skin grafted into the affected area 
became sensitive. From the conflicting re- 
sults it is not clear whether the sensitivity 
is inherent in the skin itself or in deeper 
structures such as the nerves and blood 
vessels supplying the area. 
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Hepatitis. Liver damage, which is pos- 
sibly a sensitization phenomenon, occurs after 
the use of such drugs as arsphenamine, sul- 
fonamides, cinchophen and atabrine.*® 
All of these drugs are causative agents of 
drug fever and dermatitis and frequently the 
hepatitis is associated with a rash, 62: 64,65 
usually exfoliative, which suggests the possi- 
bility that both are manifestations of a 
general sensitization. Hepatitis due to drugs 
usually appears after exposure over a period 
of one or more weeks® as long as or longer 
than the characteristic period of antibody 
formation. The relatively longer incubation 
periods may be explicable in that tissue 
changes in the liver are relatively advanced 
before clinical symptoms are apparent; the 
occasional appearance of jaundice several 
weeks after the last dose is difficult to 
correlate with known antigen-antibody re- 
actions if it is actually due to the drug. 
When a second course of the same drug is 
given, hepatitis is more frequent and may 
appear within one to three days suggesting 
that sensitization has been acquired.'''®® 
The occurrence of one attack definitely pre- 
disposes to recurrence if the same drug is 
used again. The incidence and severity of 
hepatitis bears no relation to the dosage of 
the drug and the course is uncertain, some 
cases progressing to liver atrophy even if the 
causative drug is discontinued promptly. 

Agranulocytosis. Leukopenia and agranu- 
locytosis have been attributed to such drugs 
as amidopyrine, sulfonamides, arsphena- 
mine, thiouracil and gold salts and, as 
previously noted, show certain features of a 
sensitization phenomenon. All of these 
drugs are frequent causes of typical drug 
allergies. Leukopenia occasionally occurs in 
patients who have previously manifested 
sensitization by the occurrence of a drug 
rash. Agranulocytosis may occur during the 
second week of continuous administration 
of amidopyrine® while that due to sulfona- 
mides occurs most often between the seven- 
teenth and twenty-fifth days and that those 
due to thiouracil between the fourth and 
eighth weeks.*” Prolonged administration 
of any of these drugs often causes a mild 
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decrease in the leukocyte count, which may 
or may not progress to dangerous levels, but 
in some cases agranulocytosis may occur 
suddenly. With the use of penicillin to con- 
trol infection, a majority of patients with 
agranulocytosis recover within a few days 
after the causative drug is discontinued. 
After recovery trial doses of the suspected 
drug may cause a marked drop of the 
leukocyte count within a few hours, indi- 
cating destruction or elimination of circulat- 
ing white cells as well as bone marrow 
Other patients, in whom 
agranulocytosis or severe leukopenia have 
been attributed to sulfonamides® or thioura- 
cil,®* have subsequently been able to tolerate 
the same drug without reaction. 

Thrombocytopenia. ‘Thrombocytopenic 
purpura due to drugs has many of the fea- 
tures as agranulocytosis and both conditions 
may occur together as a result of bone mar- 
row depression.’”7! In addition to the drugs 
causing agranulocytosis, sedormid’? has 
been a frequent cause of thrombocyto- 
penia. Usually purpura appears suddenly 
after use of the causative drug for a long 
period without symptoms but once sensitiza- 
tion is established single doses cause recur- 
rence within twelve hours with the platelets 
dropping to 20,000. 


SPECIFICITY OF DRUG ALLERGIES 


The results of observations on the specific- 
ity of drug allergies are so variable that no 
generalizations are possible. This is best 
illustrated by sulfonamide  sensitizations 
which have been most completely studied. 
Some patients sensitive to one sulfonamide 
drug have failed to react to any other mem- 
bers of the group.** Other patients have 
reacted similarly to sulfadiazine, sulfa- 
thiazole and sulfapyridine but not to 
sulfanilamide.**** Still others have shown 
sensitivity to all drugs of the group.**”® In 
some instances the sensitization was appar- 
ently to the para-aminophenyl radical and 
reactions were also obtained with sulfanilic 
acid, para-aminobenzoic acid and _ pro- 
caine. Park” reported that 60 per cent 
of sulfonamide skin sensitizations were 
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strictly specific for one drug while Sulz- 
berger*® found only 10 per cent who failed 
to show cross reactions. Dowling, Hirsch 
and Lepper’® found that 69 per cent of sul- 
fonamide sensitization reactions recurred if 
the same drug was used again but only 17 
per cent if another drug of the group was 
substituted. 

In sensitizations to other types of drugs, 
instances of both strict specificity and group 
reactions have been reported. Cooke’® 
found that three aspirin-sensitive patients 
did not react to salicylic acid, benzoic acid, 
antipyrine, sodium acetate or methy] salicy- 
late. Horsfall’s*® patient, exquisitely sensi- 
tive to formaldehyde, did not react to other 
aldehydes, formic acid or methyl alcohol. 
Loveman*’ reported a patient sensitive to 
alurate (allyl isopropyl barbituric acid) 
who did not react to barbituric acid or any 
of its other derivatives or to sedormid 
(allyl isopropylacetyl carbamide). On the 
other hand, Goodman®*! described a case of 
a patient with procaine allergy who reacted 
to all the local anesthetics of the procaine 
group but not to those of the cocaine, 
quinoline or pyridine groups. Dawson and 
Gerbade* reported a patient sensitive to 
quinine who reacted to seven related levo- 
rotatory compounds but not to quinidine, 
the dextroisomer of quinine, or to any of the 
corresponding dextrorotatory compounds. 
Patients sensitive to arsphenamine usually 
react to all the related compounds contain- 
ing trivalent arsenic but not to tryparsamide 
in which arsenic is pentavalent. However, 
there are several reports of arsphenamine 
sensitization in which the reactions to trial 
doses of tryparsamide have been the same 
as those to compounds of trivalent ar- 
senic.**~*° In a given case of drug allergy 
only cautious trial will reveal whether other 
related drugs are tolerated. 


DURATION OF DRUG SENSITIZATION 


Although few data have been published, 
it appears that the more severe drug allergies 
usually persist over a period of years. Cases 
of aspirin sensitization have been known to 
last for many years and there are reports of 
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patients allergic to sulfonamide still reacting 
promptly after one and one half to two 
years.** Robinson*’ reported a patient with 
arsphenamine dermatitis who remained 
sensitive after seventeen years. The most 
striking exceptions to this long duration are 
the allergic reactions to penicillin which are 
also exceptional in the frequency with which 
they subside while the causative drug is 
continued.****® Patients showing allergic 
symptoms from penicillin often tolerate a 
subsequent course after a few weeks or 
months without reaction.®”*! At first, these 
reactions. were attributed to impurities 
which might be present in certain batches 
of the drug but the same response occurs 
when relatively pure crystalline penicillin is 
used. Hopkins and Lawrence*? demon- 
strated by skin tests and intramuscular 
injections that 30 per cent of penicillin- 
sensitive patients ceased to react within two 
to twelve weeks. 


IMMUNOLOGIC FEATURES OF DRUG ALLERGY 


The immunologic mechanism of serum 
sickness has been described by Longcope, 
MacKenzie, Rackemann and others and 
was reviewed by Longcope.”® When a large 
amount of heterologous serum is injected 
into a non-sensitive person, the foreign 
protein remains demonstrable in the blood 
for many days; in exceptional cases in 
whom serum sickness does not develop as 
long as sixty-three days. Normally, how- 
ever, serum acts as an antigen and after 
five to fourteen days, with the appearance 
of symptoms of serum sickness, a specific 
antibody demonstrable by precipitin, pas- 
sive anaphylaxis and Prausnitz-Kiistner 
technics appears in the circulation. During 
the course of serum sickness there is a 
gradual rise of antibody titre and a con- 
comitant decrease of circulating antigen, 
the symptoms subsiding with the disap- 
pearance of antigen. After recovery the anti- 
body remains present for months or years, 
the patient being in a state of anaphylactic 
sensitization during which time further in- 
jections of the same foreign serum produce 
an immediate violent reaction. This sensi- 
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tization, induced in normal persons, differs 
only in details from the spontaneous sensi- 
tivity of certain persons predisposed by a 
hereditary allergic factor in which the first 
dose of foreign serum causes a_ severe 
immediate reaction. Both forms of sensitiza- 
tion are readily demonstrable by intracu- 
taneous, scratch or conjunctival tests with 
the specific antigen. 

The anaphylactic type of sensitization 
produced by parenteral injection of other 
protein-containing biologic agents is im- 
munologically similar except that, because 
of the smaller doses and more rapid elimina- 
tion of the foreign protein, serum sickness 
does not follow the initial injection into a 
non-sensitive person. After sensitization is 
established circulating antibodies are pres- 
ent, although often demonstrable only by 
the Prausnitz-Kiistner method of passive 
transfer, and reactions to scratch or intra- 
cutaneous tests are positive.?* 3% 

In delayed urticarial reactions to penicil- 
lin, clinically identical with serum sickness, 
a corresponding immunologic mechanism 
is not demonstrable. Some authors have 
reported the presence of positive intracu- 
taneous tests°®8* 93 and skin sensitizing 
antibodies** in such cases but other re- 
ports’! and extensive studies at The 
Roosevelt Hospital Allergy Clinic have 
shown that neither the skin test nor passive 
transfer is a reliable index of penicillin sensi- 
tivity. Small urticarial reactions to skin 
tests with penicillin may occur in non-sensi- 
tive persons and the tests are often com- 
pletely negative during or shortly after an 
urticarial reaction. Skin sensitizing anti- 
bodies were demonstrable in the serum of 
less than 10 per cent of clinically sensitive 
patients and then in such low titres as to be 
of questionable significance. Also, if the 
reaction to penicillin occurs more than 
twenty-four hours after the last dose, the 
presence of the antigen cannot be demon- 
strated in the circulating blood as it may in 
serum sickness. However, it may be assumed 
that amounts of penicillin adequate for 
antigenic activity remain in the body during 
the reaction. : 
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When the typical allergic diseases such as 
asthma, rhinitis, urticaria and angio-edema 
are produced by protein drugs or gums, 
their immunologic features are those charac- 
teristic of similar cases due to foods or 
inhalants. Scratch or intracutaneous tests 
with the causative agent give immediate 
wheal reactions and the characteristic 
skin sensitizing antibody, demonstrable by 
the Prausnitz-Kiistner method of passive 
transfer but not by the precipitin technic, 
is present. However, when the same symp- 
toms are produced by crystalloid drugs 
similar skin reactions and circulating anti- 
bodies are only rarely demonstrable. Im- 
mediate wheal reactions to skin tests and 
skin-sensitizing antibodies have been re- 
ported to quinine,®”** thiamine,?*?* the 
sulfonechloramides”® and sulfonamides*® but 
in the vast majority of patients sensitive to 
crystalloid drugs such tests give negative 
results and no antibodies are demonstrable. 
Attempts at such skin tests are not only 
futile as diagnostic procedures but exceed- 
ingly dangerous since severe constitutional 
symptoms may result even in the absence of 
local reaction. 

The generally negative results of intra- 
cutaneous tests with crystalloid drugs and 
the failure to demonstrate circulating anti- 
bodies apply not only to the allergies mani- 
fested by asthma, rhinitis or urticaria but to 
all types of sensitization by crystalloid drugs. 
The classical methods of demonstrating 
antibodies have been developed from studies 
of protein antigens and are not entirely- 
applicable to allergens of low molecular 
weight such as crystalloid drugs. The studies 
of Landsteiner!®® and others, showing that 
simple chemical compounds when combined 
with protein might act as haptenes and de- 
termine the specificity of antibody reactions, 
have helped to correlate sensitizations to 
crystalloid drugs with the familiar protein 
sensitizations. A number of drugs commonly 
causing sensitization such as formalin,!®! 
sulfonamides! and penicillin’? have been 


* Many drugs such as morphine, codeine, histamine 
and acetylcholine produce urticaria in normal skin 
and so are not suitabie for intracutaneous tests. 
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shown to combine with body proteins and 
so might act as haptenes. However, the 
experimental sensitization produced by in- 
jecting artificial conjugates of drugs and 
protein into animals is of the anaphylactic 
type usually produced by protein antigens 
and does not resemble the reactions pro- 
duced by the uncombined drugs in human 
beings.'°''!°* Guinea pigs sensitized by con- 
jugates of sulfonamides with protein react 
to contact with the conjugate but not to the 
uncombined drug so the mechanism of the 
clinical drug reactions is not adequately 
explained. The use of artificial conjugates 
of drug and protein in the study of human 
drug allergy has been limited but so far has 
not contributed materially to the diagnosis 
or understanding of the phenomena. *”!°® 
A more simple method, adapting the hap- 
tene concept to the clinical diagnosis of drug 
allergy, was suggested by Leftwich.'°® He 
used sera of patients receiving adequate 
doses of the sulfonamide drugs (which pre- 
sumably contained sulfonamide bound to 
protein) as antigens for intracutaneous tests 
of sensitivity to corresponding drugs. As a 
control, he injected serum obtained from the 
same patients when not receiving the drug. 
A difference of 4 mm. in the diameters of 
the test and control wheals was considered 
diagnostic and results consistent with the 
clinical evidence of sensitivity were ob- 
tained in twenty-eight of thirty patients. 
Confirmation of these results has not been 
published. Fink, Burton and Wheeler’ 
obtained negative results with the same 
method in nineteen children and negative 
results in single cases of sensitivity in adults 
have been reported.**'°* Attempts to repro- 
duce the phenomenon in patients known to 
be sensitive to sulfadiazine, at The Roose- 
velt Hospital Allergy Clinic, have failed. 
Intracutaneous injection of normal human 
serum, even of the patient’s own serum, in- 
variably produced a definite wheal and the 
size of the wheal produced by a serum con- 
taining sulfadiazine (blood level 9.6 mg./100 
cc.) never differed significantly from that 
produced by the control serum. This test 
cannot be considered a reliable criterion for 
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the decision to give or withhold a valuable 
drug. 

Until the demonstration by Landsteiner 
and Chase’!®*!!° that the antibodies mediat- 
ing the reactions of contact dermatitis and 
tuberculin sensitivity are present in the cells 
but not in the serum of sensitized animals, 
the study of allergic antibodies had been 
entirely confined to the circulating anti- 
bodies which are characteristic of protein 
sensitization. In addition to contact derma- 
titis, which is a common type of sensitization 
to non-protein compounds, there is reason 
to believe that many other drug allergies, 
for example fixed drug eruptions, are mani- 
festations of tissue sensitivity. The methods 
employed by Landsteiner and Chase are not 
easily adaptable to clinical use but it is 
possible that the further development and 
utilization of technics for the study of cellu- 
lar antibodies may demonstrate the im- 
munologic mechanism of many drug allergies 
in which circulating antibodies are not 
present. Urbach'"' has suggested that blister 
fluid contains cellular antibodies not present 
in the serum. 

Further light on the mechanism of contact 
dermatitis is given by the experiment of 
Haxthausen''? who exchanged skin grafts 
between human identical twins, one twin 
of each pair being sensitized to dinitro- 
chlorobenzene and the other not sensitized. 
The sensitive skin transferred to the normal 
individual lost its sensitivity while the nor- 
mal skin acquired the reaction of the sensi- 
tive host. It was apparent that the skin cells 
transferred in the graft were not the im- 
portant repository of antibody. 

For purposes of diagnosis, the lesion of 
contact dermatitis may usually be repro- 
duced by a patch test with the causative 
agent in a concentration which does not 
irritate normal skin. Occasional failures may 
result from the application of an agent 
producing dermatitis on delicate skin (such 
as that of the eyelids) to the tough skin of 
the extremities or back. As has been noted, 
dermatitis medicamentosa resulting from 
internal use of drugs has much in common 
with contact dermatitis and in many such 
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cases patch tests with the causative agent 
give positive reactions. These reactions, 
which may be elicited by such drugs as 
aspirin, sulfonamides, arsphenamine and 


penicillin, are frequently helpful in diagno- 


sis but must be considered suggestive rather 
than diagnostic. A positive reaction ob- 
viously depends on the diffusibility of the 
drug through normal skin but, on the other 
hand, application of the drugs in relatively 
strong solutions may expose the cells to 
much higher concentrations than could 
result from internal use. Robinson*’ and 
others have found that the results of patch 
tests with neoarsphenamine, while often 
positive in patients who had had 
phenamine dermatitis, were not a reliable 
basis on which to prescribe treatment. 


HISTOPATHOLOGY OF DRUG ALLERGIES 


Largely as a result of the studies of Rich,*® 
the histologic changes occurring in drug 
reactions, particularly those due to the sul- 
fonamides, have recently attracted consider- 
able attention from pathologists. Longcope 
in 1913 to 1915,!!3~!'6 described inflamma- 
tory lesions in the kidneys, heart and liver of 
experimental animals receiving repeated 
injections of foreign protein. Further studies 
of experimental sensitization by Klinge,'!’ 
Vaubel,'!® Knepper and Waaler,''® Masugi 
and Sato!?° and Rich and Gregory'*' have 
demonstrated widespread foci of parenchy- 
matous and collagen degeneration with 
monocytic infiltration and arterial lesions 
resembling those of periarteritis nodosa and 
rheumatic fever. 

Similar lesions have been reported in 
patients dying during or after sulfonamide 
therapy, and occasionally with other types 
of drugs, without receiving any foreign 
protein injections. Many of these patients 
showed clinical evidence of drug allergy, 
such as drug fever or dermatitis, shortly 
before death. Rich® has particularly stressed 
the presence of arterial lesions characterized 
by hyaline and fibrinoid degeneration of 
the media with perivascular infiltration of 
mononuclear and polymorphonuclear cells, 
including eosinophiles, which he considers 
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‘‘typical, fresh lesions of periarteritis no- 
dosa.”’ Similar lesions have been described 
by other writers,*®*!2?)!23 some of whom 
hesitated to apply the term periarteritis 
nodosa. These lesions have been described 
in cases of patients with serum sickness!*4 
and sensitizations to iodine,!*° thiourea!?® 
and thiouracil®® and so are considered a 
general manifestation of the sensitization 
reaction rather than typical of the sulfona- 
mides. In addition to these vascular lesions, 
patients with sulfonamide reactions have 
shown focal necroses of the myocardium, 
liver, bone marrow, spleen, lymph nodes, 
lung, adrenal cortex and other organs, 
accompanied by focal or diffuse monocytic 
infiltration which may amount to granu- 
loma formation or extensive interstitial 
The kidneys have also 
shown degenerative and interstitial changes 
similar to those present in other organs and 
apparently unrelated to the effects of 
crystalluria or hemoglobinuria. 

The similarity of these changes to the 
lesions of certain infectious diseases such as 
typhoid fever, tularemia, scarlet fever, 
diphtheria and miliary tuberculosis has 
necessitated careful consideration of the 
possibility that they might have resulted 
from infection rather than from the drugs 
used. Patients suffering from the diseases 
mentioned have been excluded from the 
studies cited. In a number of instances, fatal 
reactions have followed the prophylactic 
administration of sulfonamides to previously 
healthy persons with injuries not apparently 
infected or after operative procedures at 
which evidence of infection was not noted. 
In one of Rich’s!”’ cases, biopsy specimens 
from the scrotum, obtained five months and 
again one week before a sulfathiazole reac- 
tion, showed no evidence of arteritis which 
was present in tissue from the same site nine 
days after the onset of the reaction. Further- 
more, in most instances the lesions described 
have been demonstrated in experimental 
animals receiving the drugs as well as in 
clinical 

The belief that the lesion described repre- 
sents allergic reactions rather than pharma- 
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cologic or toxic effects of the drugs is based 
upon several lines of evidence. The lesions 
attributed to sulfonamides and other drugs 
are in most cases similar to those found in 
serum sickness or experimental protein 
sensitization with typical immunologic find- 
ings. When adequate clinical evidence was 
available, most of the patients in whom 
pathologic lesions were described have 
shown typical manifestations of drug sensi- 
tivity such as drug fever, skin rashes, 
arthralgia and asthma during life. The 
period of administration of the drugs was 
adequate to produce sensitization but the 
doses given were not excessive and the 
degree of reaction bore no relation to 
the doses used. In many instances, more 
than one course of the drug had been given 
and several patients developed reactions 
from doses smaller than those that they had 
previously tolerated without untoward symp- 
toms. There is, therefore, good evidence that 
the histologic lesions are produced by drugs 
and that they represent sensitization rather 
than toxic effects. However, as Klemperer,’ 
Selye’?® and others have pointed out, these 
tissue changes can scarcely be considered 
conclusive proof of allergy in the absence of 
corroborative clinical and immunologic 
evidence. 

In addition to the lesions mentioned, 
many writers have considered the massive 
parenchymal necrosis (acute yellow atrophy) 
of the liver produced by such drugs as 
cinchophen, sulfonamides and arsphena- 
mine as a sensitization phenomenon. More, 
McMillan and Duff** considered massive 
hepatic necrosis due to sulfonamides and the 
mild focal necrosis, which involved the liver 
coincidentally with many other organs, as 
different degrees of the same process and 
described ‘patients showing intermediate 
stages of liver damage. 

The characteristic change in the bone 
marrow noted in agranulocytosis due to 
drugs, an arrest of maturation of myeloid 
elements at the stem cell stage, may occur 
in association with the foci of necrosis which 
are considered a part of the sensitization 
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picture®® but the relation between the two 
processes has not been established. 


DIAGNOSIS AND MANAGEMENT OF 
DRUG ALLERGIES 


From the discussion of the immunologic 
features it is apparent that the diagnosis of 
allergy to protein drugs and vegetable gums 
can usually be made by means of suitable 
skin tests but that skin tests and antibody 
determinations are not reliable in the diag- 
nosis of allergy to crystalloid drugs. Patch 
tests are frequently of aid in establishing the 
cause of certain types of skin reactions and 
positive intracutaneous tests may be ob- 
tained with a few crystalloids such as 
thiamine but usually the diagnosis of allergy 
to drugs of simple chemical structure must 
be made on clinical grounds. ‘The most im- 
portant factor is a knowledge of the diverse 
manifestations of drug sensitivity, of the 
symptoms most commonly produced by 
each type of drug and of the time during the 
administration when they are most apt to 
appear. For example, the sudden occurrence 
of fever, with or without leukocytosis, during 
the second week of sulfonamide therapy 
should immediately suggest drug fever and 
the drug should be discontinued or penicillin 
substituted. The precautions to be observed 
with various types of drugs need not be pre- 
sented here in detail; if the physician is alert 
to the possibility ot drug allergy, a presump- 
tive diagnosis is rarely difficult. Except for 
the reactions manifested by asthma, rhinitis 
or urticaria, the drug sensitizations are not 
notably more common in persons with 
hereditary predisposition to allergic diseases 
and the presence or absence of a past history 
of such diseases is not an important factor in 
their diagnosis. 

The first step in handling any drug al- 
lergy is to discontinue the causative drug 
and in many cases no other treatment is 
needed although the more serious mani- 
festations of idiosyncrasy, such as agranulo- 
cytosis, hepatitis and exfoliative dermatitis, 
require in addition symptomatic and pro- 
tective treatment. Occasionally, especially 
in the case of penicillin, if the allergic 
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symptoms are mild and the indications for 
the drug are very strong, its continued ad- 
ministration may be justified but this 
should be done only with a knowledge of 
the reactions of the particular drug and with 
careful observation of the progress of the 
manifestations of sensitization. The same is 
true of further use of a drug after the patient 
has reacted unfavorably in a previous course 
of treatment. When no acceptable substitute 
is available, the only reliable index of per- 
sisting sensitivity (except in the case of 
protein drugs) is a small test dose adminis- 
tered by the usual route. It has already been 
noted that penicillin sensitization is one of 
the most transitory of drug allergies but at 
least one death has been attributed to 
an attempt to use penicillin in a patient 
who had previously showed evidence of 
sensitization. !*° 

Several authors have attempted to de- 
sensitize patients with a drug allergy by 
gradually increasing doses of the causative 
drug. While the procedure has 
frequently proven effective in the case of 
heterologous sera and other protein drugs, 
the evidence of desensitization to non- 
protein agents is less convincing. Attempts 
at oral desensitization of patients with con- 
tact dermatitis due to sulfonamides have 
produced fever and constitutional symp- 
toms, accompanied by marked eosinophilia 
(leukocyte counts of 16,000 with 62 per cent 
eosinophiles*!) which may well have been 
evidence of serious visceral damage. In the 
present state of knowledge, the theoretical 
danger of such a procedure outweighs the 
evidence of its practical value. 

There is some clinical and experimental 
evidence that the incidence of development 
of contact dermatitis from the external use 
of a drug is lessened by the previous or 
simultaneous oral administration of the 
same drug.°!34 The practical significance 
of this phenomenon has not been developed. 


SUMMARY 


Allergy to drugs is very common and its 
manifestations vary in importance from 
transitory skin eruptions to fatal reactions. 
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Among the symptoms which are considered 
due to sensitization are not only the usual 
allergic symptoms of asthma, rhinitis, urti- 
caria and angio-edema but drug fever, 
leukocytosis, arthralgia, lymphadenopathy 
and many types of skin eruptions. There is 
also considerable evidence that hepatitis, 
agranulocytosis and thrombocytopenia due 
to drugs are phenomena of sensitization 
rather than of primary toxicity. In sensitiza- 
tion due to protein drugs, circulating anti- 
bodies are usually demonstrable and skin 
tests are of value in diagnosis. In cases due 
to the non-protein drugs, antibodies are 
rarely demonstrated by the usual methods 
and skin tests, except for patch tests in 
certain types of dermatitis, are of little 
diagnostic value. Pathologic studies have 
demonstrated widespread visceral lesions, 
chiefly arteritis and focal necrosis, in pa- 
tients who showed clinical evidences of 
drug sensitization. The diagnosis of drug 
allergy depends primarily on a knowledge of 
its diverse manifestations and of the symp- 
toms most commonly produced by each 
type of drug. The degree of specificity and 
the duration of such sensitizations are so 
variable that generalizations are impossi- 
ble. Desensitization with protein substances 
is often successful but the results of simi- 
lar attempts with non-protein drugs are 
inconclusive. 
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A Working Classification of Asthma 


Francis M. RACKEMANN, M.D.* 


Boston, Massachusetts 


N general, there are two ways of ap- 
proaching the study of chronic disease: 
In one the investigator selects a few 
representative cases and then studies these 
from every possible angle so as to discover 
and evaluate every deviation from the nor- 
mal anatomy or physiology which they might 
display. In the other, the student stands at a 
distance to try to see the disease as a whole, 
to compare the “pictures” presented by 
different groups of patients,to see what these 
groups have in common one with another 
and then to see whether the differences be- 
tween them are real and substantial or 
whether they are merely variations in the 
degrees with which the different patients 
react to this or that aspect of their illness; 
in other words, to see whether the differ- 
ences as observed are qualitative or merely 
quantitative. The fact is that in practice 
these two ways of approach are not sepa- 
rated too sharply. ‘The ‘‘representative case” 
cannot be selected without some knowledge 
of the whole disease and groups of patients 
cannot be evaluated without knowledge of 
certain details. In his study of asthma so far, 
the author has devoted his attention mostly 
to examination of the different over-all 
“pictures.” The fact that he has changed his 
ideas of classification from time to time is 
not surprising; it indicates that the problem 
is not easy and it strengthens his belief that, 
so far at least, time has not been lost by 
postponing the intensive investigation of “‘a 
few representative cases.’’ To the author a 
working classification of all the patients 
who wheeze seems essential. The latest 
edition of this working classification appears 
to be so useful, both in the clinic and in the 
laboratory, that it is presented and discussed 
here. (Table 1.) 


A WORKING CLASSIFICATION OF ASTHMA 


The asthma which begins before age 
thirty is a different disease from the asthma 
which begins after age forty. The picture 
presented by the ‘“‘young lady’? who wheezes 
for a day or two when her ragweed hay fever 


TABLE I 
A WORKING CLASSIFICATION OF ASTHMA 


Asthma Begins before Age 
30 
“Extrinsic” (Allergy) 
Simple 
Diagnosis easy by 
history 
Complicated 
by infections 
by “‘depletion” 
**Asthmatic Bronchitis” 
Vasomotor rhinitis 


Asthma Begins after Age 40 


**Intrinsic” 

Bacterial Allergy (hard to 

prove) 

**Depletion” 
Psycho—Fatigue 
Somatic 

Sinuses 
Bronchi 


Infection Teeth 


Other 
Malnutrition 
(Note Selye’s “Alarm Re- 
action’’) 

**Polypoid Sinusitis” 
Functional 
Structural 
Tumors and Foreign Bodies 


leads to asthma (often 
severe) 


Emphysema { 


becomes severe is quite different from the 
picture presented by the ‘‘old gentleman”’ 
who is ‘‘depleted”’ by the exigencies of a hec- 
tic career in business and who finally 
succumbs to an infection which thereupon 
precipitates asthma which persists as a 
chronic, debilitating, serious disease. At the 
moment of admission to the hospital these 
two individuals have much in common. 
They both wheeze and in both this wheeze 
is relieved by epinephrine. Examination and 
x-ray in both cases will show the dia- 
phragm low, the lungs distended. In both, 
the eosinophile cells in the blood may be 
increased. A ‘‘stuffinositis’’> may be present 
in both The immediate pictures are much 
alike. / hey both have “‘asthma.”’ It is the 


* Physician and Chief of Allergy Clinic, Massachusetts General Hospital; Lecturer in Medicine, Harvard Medical 
School. 
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over-all picture which varies so widely. The 
histories, treatment and prognosis are ut- 
terly different in the two cases. 

When asthma begins before age thirty its 
cause should be considered as allergy until 
proved otherwise. By allergy is meant a 
clinical sensitiveness to some foreign sub- 
stance, which occurs usually in the form of 
a dust, but may in a few cases occur as a 
food or, rarely, as a drug. The symptoms 
develop because of the reaction which re- 
sults when the patient makes contact with 
this foreign substance. The great majority of 
young people who develop asthma before 
age thirty will tell in their history that the 
asthma occurs only at certain times of year 
and/or only in certain particular environ- 
ments. Some of them know that their asthma 
is merely a complication of hay fever and all 
they want is treatment to prevent the next 
season’s attack; others know that cats, dogs 
or horses are intolerable and they, too, want 
protection against attacks which occur in 
odd places and at odd times to make life a 
burden. Other cases, however—and_ they 
constitute the great majority—are not 
aware of their allergy. It is only when the 
physician unravels the long story by noting 
the dates and ages when each and every 
attack began and when it ended, and by 
noting at the same time the relation of 
attacks to changes in residence, in occupa- 
tion, or perhaps to the time of year, that the 
nature of the process becomes clear. As the 
table says “‘diagnosis easy by history”; it 
should be easy but there are tricks in history 
taking and the physician who would treat 
asthma must be a detective as well as a 
doctor. 

This simple allergic process may become 
‘“‘“complicated.”’ In many cases the attack 
continues after exposure to the foreign sub- 
stance has ended. Secondary infections are 
the common factors; a pharyngitis or 
sinusitis can cause the symptoms of a rag- 
weed hay fever to continue into late Octo- 
ber, past the time when the simple cases 
have cleared. An infection can make the 
attack started by the visit to grandma and 
her cat hang on for a week or so after the 
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boy has returned to his home. ‘‘Depletion”’ 
by itself and without clear evidence of in- 
fection can complicate a simple allergic 
asthma, but that will be discussed later. In 
all these cases in which allergy plays such a 
vital réle it is the clinical history which re- 
veals the cause of the trouble. Skin tests 
usually confirm the history; but if they 
remain negative when the patient ought to 
be sensitive, the history should be the guide, 
at least until proved to be wrong. The reason 
for this is that skin tests which are negative 
at first may become positive later. The 
sensitiveness of the skin may or may not 
reflect the sensitiveness of other tissues. In a 
few difficult cases the finding of skin tests 
positive to substances chosen at random will 
suggest some new factor the importance of 
which will be disclosed by further history 
and observation. In general, one can say 
that in the young extrinsic cases the theory 
and mechanism of allergy provides an 
adequate explanation of the clinical pic- 
tures observed: It makes sense! 

“Asthmatic bronchitis’ is a designation 
which is useful for it applies to a goodly 
number of cases. The term has been used too 
loosely; it should apply to those cases only 
whose asthma comes in isolated attacks at 
long intervals apart and without change in 
the home or occupational environment, the 
attacks being precipitated by head colds and 
bronchitis. —The two words indicate the 
mechanism. The new infection—the “‘bron- 
chitis’’—not only starts the process but it 
alters the sensitiveness of the individual. 
Why do these people wheeze with their 
colds? Is it not because the new infection 
lowers the threshold of reaction to make a 
slight degree of sensitiveness or allergy be- 
come effective enough to cause clinical 
symptoms? The support for such a theory 
comes from the considerable number of 
patients, especially young people, in whom 
it seems to apply. Also, the results of treat- 
ment fit the theory. When the general health 
can be improved so that resistance to new 
respiratory infections is increased, then the 
attacks are prevented. The role of allergy— 
the ‘‘asthmatic’’ factor—is demonstrated by 
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a number of cases in which removal of the 
offending factor, the cat, the feather pillow 
or the cosmetic, resulted in the removal of 
the ‘‘asthmatic’’ factor. New colds persist 
as usual but now there is no wheeze to go 
with them. In occasional cases specific 
treatment to desensitize the individual 
against the particular foreign substance— 
cat hair or dog hair, for example—will 
modify his reaction capacity to a consider- 
able extent. The author must acknowledge 
that proof of the theory that the threshold 
for allergic reaction can be lowered in 
various ways has not yet been demonstrated 
by animal experiments in the laboratory. 
Present support derives entirely from obser- 
vations in the clinic. The treatment of 
asthmatic bronchitis is not always easy. 

Vasomotor rhinitis leads to asthma. ‘There is a 
small number of patients who develop a 
chronic vasomotor rhinitis in their twenties; 
most of them are women. Evidence of 
allergy is not to be found; the symptoms are 
remarkably persistent, bearing no relation 
to changes -in season or environment, and 
skin tests show no reaction to any common 
food or dust substance which will make sense 
with the history or with the subsequent 
experience with that patient. For some time, 
usually several years, the nasal symptoms 
continue in a peculiarly distressing manner 
and then quite suddenly asthma develops 
and, like the nasal symptoms, this asthma is 
persistent and is often severe. As a whole, 
these patients are hard to deal with; no 
treatment is really satisfactory and in some 
the asthma goes on until it becomes in- 
tractable. One or two of these patients, 
young women in their late twenties or early 
thirties, have died in status asthmaticus and 
at autopsy have shown the typical pathologi- 
cal condition of death from asthma with the 
bronchi occluded by tough, sticky exudate 
and the lungs distended. Whether this 
general picture represents a separate dis- 
ease or whether it is merely an exaggeration 
of other more common types of asthma is 
uncertain. The subject is important and 
requires much further study. 
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When asthma begins after age forty the cause 
is not allergy unless proved otherwise. 
Allergy is a disease of youth. The age at 
which typical allergic asthma begins and 
the age at which typical ragweed hay fever 
begins is usually around age twenty. After 
that the curve which summarizes the ages of 
onset falls off until after age forty; there are 
only a few individuals who begin their 
symptoms at an older age. The “‘old gentle- 
man”’ is not affected by changes in environ- 
ment, at least so far as specific dusts are 
concerned, and he is not sensitive to any 
particular food. Whatever the cause of his 
trouble, it is something which he carries 
with him. Unlike the “‘young lady’? whose 
asthma clears promptly after admission to 
the clean and relatively dust-free hospital 
ward, his asthma continues; his response to 
treatment is slow. What is the nature of this 
disease which is “‘intrinsic’’ in so far as the 
cause is “‘inside”’ the body? 

Infection plays a part but this varies and, 
as will be seen, the evidence of infection is 
not clear in many of the cases. ‘‘Bacterial 
allergy”’ is the obvious concept but it is hard 
to prove. Skin tests with bacteria and their 
products, like toxins or vaccines, will elicit 
positive reactions but these are, like the tu- 
berculin reaction, delayed in appearance 
and inflammatory in nature. Like the tuber- 
culin reaction, they indicate that this indi- 
vidual has or -has had infection with the 
organism. As with the tuberculin reaction 
itself, the test finding has little practical sig- 
nificance except as an interesting item to be 
evaluated in a few cases under special inves- 
tigation. Such skin tests do not help in the 
study of asthma. In contrast to tests with 
toxins and whole organism suspensions 
(vaccines), the specific soluble carbohydrate 
substances derived from the capsules of cer- 
tain bacteria can elicit a skin test of the im- 
mediate, urticarial wheal and erythema type. 
This occurs, however, only when antibodies 
for the organism are present in quantity. It 
is possible that further studies with specific 
bacterial carbohydrates will be helpful; the 
problem will be concerned with the relations 
between the skin results and the state of the 


° 
\ 


604 


asthma, a study of immunology involved. 
It may be that bacterial allergy can be 
defined and found to be important. 

“Depletion” is a factor in the cause of 
asthma which has more than casual impor- 
tance. The toxins arising from a focal infec- 
tion can perhaps cause a tissue injury to 
make the cells release histamine and so 
cause asthma by a mechanism comparable 
to that of the antigen-antibody reactions. 
The case for chronic infections is under- 
standable. The case for certain intoxica- 
tions, as with sulfonamide drugs, is also 
understandable. Other conditions, how- 
ever, like malnutrition, improper hygiene 
and, in particular, the larger group of 
psychic disturbances which are so poorly 
defined are not so easy to correlate with 
the other pictures of asthma due to more 
orthodox causes. Do they also produce 
asthma through tissue injury and histamine 
release? There is evidence to indicate that 
this happens but it is not clear; the problem 
needs much more study. 

Selye’s conception and investigation of 
the diseases of adaptation is pertinent to 
this problem even though some of the 
physiologic changes—the fall in blood 
chloride, for example—which he finds after 
injuries is not found also in our patients 
with severe asthma. Whether the dis- 
crepancy depends upon quantitative rather 
than qualitative factors, or whether the 
chronic shock-like state which develops 
after injury finds its counterpart in the 
depletion of severe asthma remains to be 
disclosed. In this latter case the depletion 
is the result of the process. It is our clinical 
observations which point to the fact that 
depletion started perhaps by a primary 
injury either of the soma or of the psyche 
that may be the cause of the process. 

Can “‘depletion’’ of one sort or another 
cause asthma without allergy or without 
infection of any kind? That is the important 
question and again it is clinical observations 
which have provided the basis for the 
answer. It is the end results of treatment 
prescribed and administered on a basis of 
depletion rather than of allergy or infection 
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which indicate a true cause and effect rela- 
tionship. Figure 1 shows a sample of twenty- 
three patients with intrinsic asthma who 
have been ‘“‘cured.”’ The sample has been 
taken at random; the cases are not selected 
on any basis except for the final “‘cure.”’ 
The figure shows that ‘‘cure’’ may persist 
for ten years or more but it is the method of 
cure as evaluated by both doctor and pa- 
tient which is the important item. In some 
cases treatment with potassium iodide or 
the removal of bad teeth has explained the 
“cure” and that of course does indicate in- 
fection; but when asthma clears when the 
bad hygiene is improved or when the mal- 
nutrition is corrected by proper feeding, and 
especially when it clears after the elimina- 
tion of psychic difficulties—‘‘the divorce 
was finally arranged’”—one has to recog- 
nize that the problem includes other 
factors beside allergy and infection. The 
author finds that these cases are common. 
It is in these cases that treatment of the 
patient is so much more important than 
treatment of the asthma. There is much to 
learn about psycho and_ psychosomatic 
factors in this chronic disease. 

Polypoid sinusitis with asthma is given a 
separate heading chiefly because the pa- 
tients to be included are such a large group. 
Lesions of the nose and sinuses are noted 
in three places in this classification. The 
chronic vasomotor rhinitis which develops 
in young women has been mentioned. 
Some of them have polyps, an extension 
and result of the chronic irritation of the 
sinus membranes. In chronic intrinsic 
asthma, occurring in older patients, poly- 
poid sinus disease is common; it is found 
in about one-third of all the cases and the 
typical subjects are grouped in this special 
designation. Operation on the sinuses does 
more harm than good, except in a few 
“lucky” cases, and it is interesting to 
speculate on these few. Under the heading 
“Depletion,” Table 1 indicates infection of 
the sinuses as one of the subgroups, and 
in so doing it implies that treatment of 
the sinusitis by operation and removal of 
the focal infection has brought relief to the 
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asthma. Can we say, therefore, that chronic 
infection of the sinuses does occur, but only 
in a few cases, and that in the other group 
which is much larger the polypoid sinusitis 
represents a part of the picture and not a 
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of a patient whose frontal sinuses were 
opened from above through the base of the 
skull and the cultures showed no growth. 
How to distinguish the few cases in which 
drainage of the paranasal sinuses will relieve 


AsTHMA—‘‘CurRED’”’ CASES 
Case No. | 
1 | Divorce 


Vaccine 


“Cc Sinus operation 
) 
Hygiene 


Vaccine 


Menopause 


Hygiene 
*“Tablets”’ 
Psycho 


Vaccine 


Obesity 


Vaccine 


K.I. 


Teeth 
Progynon 
C.L.O.-HCl 


| Teeth 


| 


Teeth 
Hygiene 


K.I. 


| Hygiene 
| 


Fic. 1. A random sample showing twenty-three cases of “cured” asthma is presented to show the general method of 
study. Each line represents the life history of the patient’s asthma. On the left, a vertical mark indicates the age at 
which the asthma began and the dashes or the continuous line show whether this asthma was in attacks or was per- 
sistent. Symbols in the line indicate as follows: ““X’’ marks the first visit of the patient to the author; ‘‘B” means better, 
the asthma under control. ‘“‘C’’ means cured, the patient free of asthma without treatment and the dotted line after 
*““C” or sometimes before it indicates the duration of this “‘cure.”” New letters, whether “B” or “C,”’ indicate a new 
follow-up report. ‘‘S”? means sinus operation which sometimes, as in cases 1, 3 and 14, was made before and not after 
the onset of asthma. In cases 16, 20 and 22, the asthma recurred at about the age of 70 but the “‘B” indicates that it 
was not severe. The black triangles indicate death from causes other than asthma. The black heart indicates death from 
coronary occlusion. The circles around the small initials in the left column indicate the men; there are five men in this 
list. The words in the right hand column indicate the method of ‘“‘cure,”’ as explained in the text. 


the asthma permanently from the vast 
majority in which similar treatment will 
make the asthma worse (after a very 
temporary benefit) is one of the pressing 
questions. 


cause of it? When in earlier days these 
other patients were operated upon, the 
cultures taken from the sinus content, a 
thick white mucoid material, often showed 
no growth. The author recalls the autopsy 
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Emphysema causes wheezy breathing 
(asthma). Every attack of asthma, no 
matter what its cause, is accompanied by 
a ‘‘stretching”’ of the lungs; the chest en- 
larges, the diaphragms become flat and 
low and their movement is restricted. The 
vital capacity falls off. As the attack passes, 
the emphysema passes also; it is a purely 
functional emphysema. Structural emphy- 
sema is probably a definite disease entity. 
It has been called idiopathic because it 
develops without cause, insidiously in older 
people and more in men than in women. 
It is a slowly progressive disease and has a 
poor prognosis. The victims do not survive 
for more than a few years. Physical ex- 
amination shows changes much like those 
of chronic asthma and the diagnosis de- 
pends more on the history and the subse- 
quent behavior. The relation to exertion is 
always sharp. At rest the patient is reason- 
ably comfortable but his tolerance for 
exercise is small. A point of diagnostic 
importance is that whereas the patient with 
asthma has bad nights, ‘“emphysema sleeps 
well.”” Mention of the disease is included 
here because it happens not infrequently 
that patients with structural emphysema are 
put through the asthma routine, with skin 
tests to many different substances and some- 
times treatment with dust extracts and other 
materials. The fact that such treatment does 
no good is not surprising; it reflects’ the 
lack of training and insight of the attending 
physician. 
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Tumors and foreign bodies must, like em- 
physema, be mentioned in every survey of 
the asthma problem. Adenoma or carci- 
noma of the bronchus, gumma of the 
trachea, Hodgkin’s disease involving the 
peribronchial lymph nodes sarcoid 
have all been seen by the author in patients 
who were thought to be asthmatic. Merely 
to think of these possibilities is usually 
enough to rule them out but it is important 
to think of them. 


SUMMARY 


1. A working classification of some sort 
is essential for the study and treatment of 
asthma. 

2. When asthma begins before age thirty, 
it should be considered to depend upon 
allergy until proved otherwise. 

3. When asthma begins after age forty, 
it should be considered as due to factors 
other than allergy until proved otherwise. 

4. In the younger age group it is the 
clinical history which is of vital importance 
in diagnosis and so in treatment. 

5. In the older group the factors of 
“depletion,” both psychic and somatic, may 
be essential. 

6. Polypoid sinus disease is more a part 
of the picture than a cause of it. 

7. Structural emphysema as well as 
tumors and foreign bodies must be con- 
sidered in all difficult cases. 
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Recognition of Emotional Factors in 


Allergic Manifestations’ 


PauL A. GLIEBE, M.D. and WILLIAM J. KERR, M.D. 
San Francisco, California 


HE literature relating to causes of 

allergic reactions refers not only to 

specific causes but also makes con- 
stant reference to non-specific causes, under 
which are grouped most prominently ‘‘worry, 
nervousness and fatigue.”’ The frequency 
with which these non-specific causes are 
mentioned and the generally acknowledged 
rdle that they play, not only in precipitating 
and aggravating allergic reactions but even 
at times acting as sole causative agents, 
suggests that a closer survey and apprecia- 
tion of the patient’s history would prove 
fruitful, particularly if attention is directed 
to the emotional and environmental circum- 
stances under which the allergic disorder 
first became manifest. In many instances, a 
striking correlation will be found between 
the onset of subjective complaints and a 
single psychologic event or series of such 
events. Conversely, the remission of allergic 
manifestations may also coincide with the 
occurrence of severe or disabling emotional 
experiences. It is of at least empiric value 
that the Quarterly Cumulative Index 
Medicus for the past ten years contains 
articles attributing specific curative proper- 
ties to a multiplicity of unrelated drugs and 
equally unrelated procedures. The only 
common basis upon which these claims may 
be said to achieve their results is their com- 
mon suggestive value or perhaps the faith 
that the patient has in his particular 
allergist. 

It is incorrect to assume that the taking 
of a psychiatric history is the exclusive 
right and privilege of those engaged in 
psychologic medicine. This misconception, 


which is widely held, stems from the in- 
tensive specialization in the increasingly 
numerous branches of medicine. The medi- 
cal profession seems to have progressed to 
the point where it now resembles the many 
factional units of a complex labor group. 
There is no valid reason why history taking 
should rigidly avoid obtaining an account 
of the personal and intimate history of the 
patient in terms of psychologic events and 
integrating these events with the somatic 
reactions which occurred at the time. There 
is no longer any doubt that when the 
physician combines the physical approach 
to a problem with an appreciation of emo- 
tional factors he establishes with the patient 
a contact or rapport which has great thera- 
peutic potentials. This rapport, once estab- 
lished, is sometimes sufficiently strong in 
itself to alleviate distressing symptoms and 
on occasion it has positive curative value. 
For example, the allergist who is convinced 
by his own faith in the efficacy of his 
particular mode of therapy not infrequently 
is so forceful and energetic in his approach 
to the patient’s problem that an alteration 
may take place in the patient’s underlying 
emotional conflicts. ‘The immediate im- 
provement in the patient’s condition is then 
attributed to a _ specific administration 
rather than to the personality of the ad- 
ministrator. The results thus achieved may 
possibly explain why the faithful exponents 
of foods as allergens, house dust as an 
allergen or even sodium chloride as an 
allergen are so vigorous in supporting their 
respective claims in the universality of 
their treatments. 


* From the Division of Psychiatry, University of California Medical School, The Langley Porter Clinic, and the Division 
of Medicine, University of California Medical School, San Francisco, Calif. 
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By placing prime importance upon the 
history of the patient’s family (rather than 
upon his personal, psychologic history) and 
searching for clues of related allergic mani- 
festation in members of his immediate and 
remote family the allergist emphasizes his 
primary interest in the fact that allergic 
disorders are more commonly found in in- 
dividuals who are constitutionally endowed 
with physical properties susceptible to 
specific allergens. From a psychiatric point 
of view it is proposed that the manner in 
which the patient’s combined psychophysi- 
cal makeup will respond to various emo- 
tional factors will depend upon the extent 
to which such factors are similar to or in 
common with those in the patient’s par- 
ticular emotional environment. If this point 
of view is kept in mind in history taking, it 
will be necessary to give equal considera- 
tion both to inherited intrinsic antibody- 
antigen reactions and to the _ patient’s 
emotional reactions to everyday living and 
activity. It would be unfruitful at this level 
of knowledge to argue the relative weights 
and values of these respective elements. In 
fact, it does not make much difference so 
long as we bear uppérmost in mind the 
welfare of the individual who is almost con- 
stantly distressed by his annoying symptoms. 

The personality of the allergically sus- 
ceptible individual is commonly charac- 
terized by emotional immaturity, relative 
passivity and need for dependence upon 
some authoritative yet kindly person. The 
reactions of this type of personality are 
thus essentially infantile. It is misleading, 
however, to assume that these traits are 
characteristic of and peculiar to the allergic 
individual alone for similar traits are also 
recognizable gastrointestinal . neuroses 
and are common in the chronic alcoholic. 
In view of these widely divergent physical 


reactions in relatively similar types of 


emotionally immature persons, it would 
appear that the choice of physical reaction 
to an emotional situation bears a relation- 
ship to the patterns of living and behavior 
of the parents of the emotionally immature 
individual as well as to his physical makeup. 


Emotional Factors in Allergy—Gliebe, Kerr 


The outstanding and provocative ele- 
ments that give rise to many if not all adult 
maladjustments have their origin in the 
interaction of the various members of the 
family unit. The child’s position in the 
family constellation is constantly threatened 
by anxiety-provoking situations. ‘The rival- 
ries and resentments common to everyday 
competition in the home create an emo- 
tionally conflictual situation. French’ has 
shown that when the conflictual situation 
involves a threatened or actual loss of love 
of the mother, or the mother-substitute, 
the patient responds in a physical way com- 
patible with his inherited constitutional 
endowments. An example is the often 
repeated observation that asthma is appar- 
ently hereditarily transmitted the 
mother. The adolescent, or the patient in a 
state of emotional turmoil, identifies him- 
self with the mother and behaves in a man- 
ner similar to the mother’s behavior in 
order to ward off the threatened withdrawal 
of love, dependence or the threatened loss of 
security. It is acknowledged without ques- 
tion that sensitization is transmitted but 
the point emphasized here is that the sensi- 
tization can be utilized for the physical 
expression of an emotional situation. The 
behavior of the patient may be charac- 
terized by the statement that the emotional 
tension is expressed in ‘“‘allergic language.”’ 

The trying emotional situations that con- 
front the adolescent or the adult are merely 
repetitions, in a more complex form, of the 
same problems that confronted the indi- 
vidual in childhood. The failure to achieve 
scholastic recognition, the frustrations of a 
competitive occupation or profession or the 
threatened dissolution of a marital union 
are but a few of the many problems that 
were encountered in a simpler form during 
the period of childhood development. 

It may be judged from the type of ma- 
terial seen in a general psychiatric practice 
that the allergist, in following a limited 
restrictive type of therapy and searching 
for a specific sensitization, is frequently led 
astray by his contact with a group of 
symptoms simulating an allergic disorder. 
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When no results are forthcoming, the 
symptom complex is given the euphemistic 
title of “intractable allergy.’ It is just this 
group of disorders in which the provocative 
factors are most frequently of an emotional 
character and in which the major, if not the 
sole, approach should be from a psychologic 
level. 

Particular mention should be made of 
the frequency with which hyperventilation 
with its protean manifestations, either in the 
presence or absence of allergic sensitization, 
produces a clinical picture that in many 
instances defies differentiation from an 
attack of allergically induced asthma.? The 
anxious, tense, emotionally immature indi- 
vidual is intensely susceptible to changes 
in his acid-base equilibrium and the out- 
standing clinical symptom is an inability to 
breathe. This inability to breathe is pre- 
dominantly inspiratory and the suddenness 
of the onset, the complaints of panic and 
wild gasping for breath may be and often 
are mistaken for signs of an asthmatic 
attack. It has been demonstrated that the 
hyperventilation phenomenon, aside from 
a few rare instances, is induced by emotional 
conflict. The management of hyperventila- 
tion by a technic other than psychologic 
then only leads to a state of chronicity and 
invalidism. 


CASE REPORTS 


Case 1. M. H., a twenty-six year old, white, 
single engineering student was referred for 
psychiatric consultation and treatment in De- 
cember, 1945. The complaint was ‘“‘disabling 
headaches” of six years’ duration. A_ usual 
attack was ushered in by a sharp, boring pain, 
beginning on either side of the head and later 
spreading over the whole head and then radiat- 
ing to the neck, both shoulders and down the 
spine. Vision became progressively blurred and 
scintillating lights appeared when vision was 
practically nil. Nausea and vomiting followed 
and these were accompanied by anxiety and a 
vague feeling of guilt. Complete isolation in a 
darkened room for twenty-four hours usually 
cleared an attack but the patient would not 
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fully recover for ten days or two weeks at which 
time there would be a recurrence. 

The patient’s symptoms first began to appear 
in September, 1940 when, while watching a 
football practice game, he suddenly felt “Shot all 
over,” became tense and apprehensive and then 
his heart “began to pound.” This episode 
lasted for about thirty minutes and that evening 
he was nauseated. Two days later, while at a 
movie, he had a similar attack. For a period 
of a month thereafter he was entirely well until, 
again at a football game, he became nauseated 
and had the first of the headaches described. 

The results of the physical and neurologic 
examinations were negative. The usual labora- 
tory procedures, including x-rays of the chest, 
head, spine as well as the electrocardiogram, 
revealed nothing unusual. The pneumo-en- 
cephalogram showed an incomplete filling and 
ventriculograms were therefore obtained. The 
results were considered normal. All types of 
medication were seemingly of no value in giving 
any degree of subjective relief. With a family 
history of migraine in the mother, the patient 
was referred to an allergist whose physical 
findings were essentially as stated. He put the 
patient on an elimination diet. After two and 
one-half years, during which time he lost 35 
pounds, his headaches were about the same in 
frequency and intensity. 

On the recommendation of his physician, he 
was excused from selective service and went to 
work in Alaska on a construction project. Away 
from home for a period of two years, he had 
only occasional attacks. Upon his return he was 
advised to give up his plans for an education 
and take up an occupation in a colder climate. 

A more detailed psychiatric study revealed 


.that he was the eldest of four brothers, the 


youngest of whom was then twelve years of age. 
The mother outwardly affected a calm and 
serene disposition but in their home her attitude 
toward the father bordered on despotic tyranny. 
The father, chronically alcoholic, was totally 
neglected by the family and when he attempted 
to exert authority, generally in a drunken rage, 
he was simply placated. One form of overt 
punishment of the father by the mother con- 
sisted of periodic headaches that had been 
diagnosed as migrane. As early as at the age of 
ten years, the patient utilized transient “‘sick 
headaches”? not only to maintain his position 
with the mother in competition with his brothers 
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but also to immobilize any anger emanating 
from the father. 

At the age of sixteen, he was instrumental in 
separating the mother and father who were in a 
violent quarrel and in the argument the father 
turned upon the patient, administering a brutal 
beating. The patient stated that he was choked 
until he thought his eyes ‘“‘would pop out of the 
head.” Several days later, he awakened from a 
sound sleep in a very anxious, tense state and 
‘“‘was unable to breathe.’ Detailed accounts of 
this ‘‘attack”” were highly suggestive of pro- 
longed hyperventilation. It was concluded that 
these physical symptoms set the pattern for his 
later so-called migraine. To substantiate further 
this conclusion, the patient was overbreathed 
for 90 seconds and all of his physical symptoms, 
accompanied by great apprehension, were 
reproduced. 

Further discussions clarified his intense and 
almost infantile dependence upon the strong- 
minded mother. His reactions toward his 
psychically weak father were those of hate and 
resentment, both accentuated by the beating 
his father gave him. In time, his attacks of 
headache became related to other emotional 
situations characterized by violence, for ex- 
ample, the football games. He has had no 
headaches for the past six and one-half months. 
He has returned to school and is living at home 
with his mother, father and brothers. 

Case ul. R. F., a forty-year old white, 
married man, who is a general merchant, was 
referred to the University of California Hospital 
in April, 1944, for a study of his recurrent, 
generalized urticaria and angioneurotic edema 
of two years’ duration. 

He had lived his entire life in the same town- 
ship. The routine history revealed no significant 
factors in his family background or past history. 

He was perfectly well physically until April, 
1942. He awakened one morning to find his 
chest covered with “itching hives” about 2 
inches in diameter. That same afternoon his 
eyelids and lips began to swell so that by evening 
he was hardly recognizable. Sometime during 
the night all of the manifestations disappeared. 
Intermittently, he had similar attacks as often 
as four times weekly and at the time of his 
hospital entry the urticaria was generalized. He 
had recognized the fact that emotional situations 
aggravated an attack and for this reason he had 
begun to live the life of a recluse. 

Prior to admission to the hospital he had con- 
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sulted several physicians with little or no relief. 
Apparently, no extrinsic or intrinsic allergic 
factors were implicated although in one test he 
was found to be sensitive to corn, peas and 
grapes. Subsequent tests did not confirm the 
sensitization. A barrage of medications, includ- 
ing sulfa drugs and penicillin, were used to no 
avail. 

After reviewing the history with the patient 
the direct question was asked: ‘‘What do you 
think causes your hives’’? After some hesitation 
the patient responded: ‘These things seem to 
come on when I get a funny tight feeling in my 
throat. I get this feeling when I am around my 
wife, and that is why I stay away from her and 
the children as much as possible.” 

In further discussion of the so-called ‘‘negative 
family history’? several interesting points were 
uncovered. The father had died before the 
patient’s birth. He had one brother ten years 
his senior. His relations with his mother and 
brother were, to the best of his knowledge, quite 
amiable until his brother, by legitimate means, 
took over the controlling interest in the family 
enterprise. Although the mother was quite com- 
placent, the patient bitterly resented the ar- 
rangement and forthwith severed himself entirely 
from his brother, urging his mother to do like- 
wise. “‘At least I wanted the satisfaction of 
caring for her myself,’ he said. 

His mother died when he was twenty-four 
years of age and one year later he married. In 
1939, at the age of thirty-five years, he became 
associated with his brother-in-law in a business 
venture that proved highly successful. Some 
time later, the patient was confronted with 
certain financial irregularities of the brother-in- 
law. The patient’s wife tended to protect her kin 
and urged the patient to let it “blow over.” 
From this time on he became increasingly irri- 
table, restless and nervous. He tried to rational- 
ize his nervousness, ascribing it to problems of 
labor, the war and minor disagreements in the 
home. In April, 1942, he had his first attack of 
hives. 

When attention was called to the “funny 
tight feeling in his throat’’ and his unexpressed 
hostility toward his brother-in-law, he volun- 
teered the statement that his unhappy relations 
with the brother-in-law were identical with 
those he had with his own brother. The relations 
with his mother, his obvious dependence upon 
her and his subsequent equivalent dependence 
on his wife were left undiscussed. 
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He was in the hospital for six days for observa- 
tion only and to date has had no recurrence of 
any. urticaria. 

Case ml. G. L., a sixty-year old white, 
married man and business executive, was first 
interviewed in December, 1944. In 1921, he 
had his first attack of hay fever and since 1931 
had suffered from recurring attacks of asthma. 
At various times, he had been found sensitive 
to approximately thirty different pollens, partic- 
ularly that of Bermuda grass, foxtail and velvet 
grass. When he originally sought help for his 
asthmatic attacks, an examining physician on 
May 26, 1931 noted “worry and nervousness. 
++++” The results of the general physical 
examination and of laboratory tests in 1944 were 
negative with the exception of the sensitizations 
just mentioned. 

The patient’s medical history disclosed that 


the first treatments aiming at desensitization ° 


were poorly tolerated and that after an interval 
relief was found from “Doctor Tucker’s Asthma 
Specific.” In time, this preparation lost its 
effectiveness and then followed a period of ten 
years of alternate trials at desensitization and 
elimination diets. At the patient’s own request, 
he was finally sent to a psychiatrist for an 
evaluation of his ‘“‘nervousness.”’ 

Given the opportunity, the patient proved 
most cooperative. In great detail, he gave an 
account of his most unhappy early childhood. 
He was the only child of an aged couple. His 
father, a ruthless, domineering and exquisitely 
puritanical minister, was forever dwelling upon 
the wickedness of mankind and the potential 
sources of evil in his son. The mother vacillated 
from moods of serenity and compassion, on the 
one hand, to ominous, threatening domination 
on the other. He remarked: “‘I could never know 
what side of the fence she was on and until her 
death I was out of breath trying to keep up with 
her.” 

From early childhood his feeling and actions 
had been patterned in accordance with his 
mother’s more sublime wishes. At the age of 
twenty-two he fell in love with a distant relative 
and when he sought permission to advance his 
courtship, he was rebuked and discouraged by 
his mother’s remarks that his offspring would be 
idiots. In striking contrast to the mother, this 
girl was soft, docile and “‘angelic.”” The disrup- 
tion of this love affair gave rise to a group 
of symptoms associated with hyperventilation 
which, at that time, was interpreted as ‘‘a touch 
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of asthma.” The family moved and the so-called 
asthma cleared. 

His marriage at the age of twenty-five was the 
culmination of an arrangement managed by the 
mother. The marriage as a source of physical 
companionship was reasonably successful As a 
source of warmth and affection it was a dismal 
failure. His wife, possessing the agressiveness of 
his mother, pushed him into a most lucrative 
position. 

What precipitated his hay fever in 1921 is 
unknown but the onset of the asthma is definitely 
related to a visit with the girl of his first love 
affair. She at that time gave an account of her 
own unhappy marital experience, described her 
continued attachment to the patient and pledged 
unremitting affection for him. Several days after 
her departure his asthmatic attacks began. 

The history was told with a great display of 
emotion and it was easily recognizable with 
interpretation that the patient had great de- 
pendence upon his earlier love. ‘The importance 
of the emotional element was further demon- 
strated by the fact that by merely telephoning or 
writing to her he had been able to ward off at- 
tacks. Of particular interest is that these attacks 
of asthma were allergically determined; never- 
theless, in two and one half years he has had but 
two attacks and these were treated without 
resort to adrenalin. 

Case Iv. R. E., a thirty-two year old, white, 
married woman was referred to the University 
of California Hospital in March, 1939 for 
psychiatric evaluation. The referring internist 
was impressed by the patient’s behavior in the 
presence of her mother who had come with her 
and who seemed more distressed than the patient 
by the asthmatic attack of which the patient 
complained. 

The patient had been under continuous medi- 
cal care since she was ten years of age. She had 
had contact with innumerable allergists through- 
out the country and had been subjected to every 
conceivable medication and procedure, includ- 
ing residence in an air-conditioned home pre- 
pared at great expense. Her asthma was truly 
“intractable.” The internist had been the first 
to evaluate accurately the emotional factors in- 
volved and, because of the complexity of the 
situation, the patient was referred for further 
investigation. In the several contacts the internist 
had had with her, he had been able, by his 
interest, to control several of her attacks without 
medication. At the same time, it was recognized 
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that she had an allergic susceptibility to certain 
pollens and foods, particularly eggs and wheat. 

The earliest memories of the patient center 
about an experience at the age of five. As a con- 
sequence of disobedience, she said: ‘“‘I was 
spanked by my father until I cried so hard that I 
lost my breath. To bring me back, my mother 
turned the garden hose full force in my face.”’ 
An earlier significant event was related by the 
mother who stated that when the patient was 
one year old the coughing paroxysms of whoop- 
ing cough were so severe “‘that I had to hold her 
by the ankles and slap her buttocks to start her 
breathing again.” The patient’s first attacks of 
clinical asthma took place after a series of strenu- 
ous exercises. At this point her medical history 
began. 

Many pertinent emotional factors were evi- 
dent in the family history. The mother and 
father never enjoyed a real degree of harmony. 
The mother’s affections were expended ex- 
clusively on an only son sixteen years older than 
the patient. The patient can readily recall the 
often repeated remark that she was unwanted 
and that she resembled her father in person- 
ality and temperament. When she was twelve 
years old, her brother, then twenty-eight years 
of age, was killed accidentally. The mother, 
after a period of mourning, reversed her previ- 
ous attitude toward the patient and showered 
her with affection so that “‘mother and I became 
very close and people remarked on her devotion 
to me.” The attacks of asthma were thereafter 
less frequent and less intense until her marriage 
at the age of sixteen to a close associate of her 
brother. She remarked: ‘““My mother was very 
pleased with the marriage, but almost overnight 
my asthma returned in full force.” 

The patient’s premarital plans included 
recognition of the husband as a central figure 
in the household but this plan was short-lived 
since the mother joined the couple on their 
honeymoon insisting that “‘sex was the root of 
her asthma.” It is striking indeed that in those 
instances when separation from the mother was 
enforced the attacks of asthma were greatly 
diminished and at times were absent. 

The psychiatric discussions brought out the 
marked dependence on the mother and the 
equally strong tendency to achieve a degree of 
independence of her mother. The struggle 
between these two opposing drives was satisfied 
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to the extent that the patient retained her 
mother’s affection and at the same time en- 
deavored to punish her mother for her ruthless 
domination by having the asthma attacks. The 
patient has been entirely free from attacks of 
asthma for eight years. During the war years 
she resided with her mother and since her 
husband’s return from service relations with 
the mother continue to be amicable. 


COMMENTS 

Clinical case histories, as reported here, 
are open to several criticisms. Obviously, 
the material is selected to demonstrate the 
purpose of the thesis, namely, the impor- 
tance of adequate history taking with 
reference to the emotional factors that are 
operative in allergic manifestation. Dratler,* 
in a critical review of the problem of urti- 
caria published in 1946, states that ‘‘the 
most important source of information for 
the determination of etiology is the history.”’ 
He continues: ‘‘All authors have stressed 
that the patient’s experience and observa- 
tions should be more valued than the skin 
and laboratory tests.” To the extent that 
psychogenic factors are concerned Dratler 
states that “‘the psychogenic element is con- 
sidered as one of the most important factors 
in etiology.” In another recent paper, 
Harris‘ gives an entirely different appraisal 
of the emotions when he states: “‘In recent 
years, an old theory and one that most of us 
considered long ago discarded, namely, that 
bronchial asthma is a form of neurosis, has 
been renewed.”’ Harris, with many others, 
assumes that the emotional turmoil is a 
natural consequence of an allergic disorder 
but there is much evidence to question this 
assumption. 

Another criticism is that the diagnoses are 
in error in that these individuals are “‘simply 
neurotic.” In this regard, the diagnoses in 
all the instances cited were made by aller- 
gists who treated the patients without suc- 
cess by their restrictive and circumscribed 
type of therapy. Two of the patients were 
treated to the point of financial insolvency. 

A third possible criticism is that psychia- 
tric interviews are non-scientific and are 
lacking in specificity in that the therapeutic 
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results cannot be adequately measured and 
appraised by rigid scientific standards. How- 
ever, it seems impractical to await the com- 
plete understanding of the mechanism 
whereby emotions influence bodily function 
before utilizing the psychiatric approach. In 
overlooking the emotional components while 
searching for a specific remedy we are in- 
deed inconsiderate of the patient Bowman’s° 
remark regarding the neurosis applies 
equally well to most, if not all, physical 
diseases: ‘“Treatment should be based on 
securing the maximum results in the shortest 
time with the least amount of suffering for 
the patient.” 


CONCLUSION 


It is concluded that if history taking is 
broadened to include the psychologic events 
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of the patient’s history and if these events 
are related to the somatic reactions at the 
time of occurrence, the réle of the emotions 
in causing, precipitating and aggravating 
latent allergic sensitization will be ade- 
quately recognized and the study, diagnosis, 
treatment and cure of allergic manifesta- 
tions will be substantially furthered. 
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Allergy in the Nervous System’ 


A Review of the Literature 


Lewis D. STEVENSON, M.D. and ELLSWORTH C. ALVoRD, JR., M.D. 
New York, New York 


N recent years an increasing tendency 
has been noted in neurologic clinics 
and meetings to ascribe to allergy an 

important role in the etiology of measles 
encephalitis, scarlet fever encephalitis, multi- 
ple sclerosis and some other nervous diseases. 
Especially in those forms of encephalitis in 
which there is loss of myelin, an allergic 
reaction of some kind has been suspected 
as the common factor producing the break- 
up of the myelin sheaths. 


CLINICO-PATHOLOGIC STUDIES 
Osler,? in 1889, added the third case of 


hemiplegia following vaccination, giving 
credit to Heine! in 1860 and Wuillamie in 
1882 for reporting the first two. In addition, 
Osler noted that cerebral palsies ‘“‘may fol- 
low any of the specific fevers.” According to 
Pollet,? Englemann* in 1897 noted peri- 
pheral neuritis following the use of serum 
and Gardere and Gangolphe* noted neuri- 
tis during the treatment of a case of tetanus 
by serum therapy in 1908. Optic neuritis 
during serum sickness was observed by 
Mason’ in 1922. May® in 1923 noted 
attacks of unnatural somnolence of anaphy- 
lactic origin. Sternberg?’ also drew atten- 
tion to seasonal somnolence as a possible 
form of pollen allergy. 

In 1926, Kennedy’ suggested that acute 
perivascular edema of the brain may play 
a part in some of the malignant types of 
insular sclerosis. In 1926, Duke® suggested 
that peripheral nerve lesions may result 
from food allergy. Hurst?*® gave credit to 
Glanzman”® as the first to suggest, in 1927, 
that allergy might be a factor in causing 
demyelination of the nervous system. 


Kennedy'! in 1928 reported meningeal 
and focal brain disease causing hemiplegia, 
aphasia, hemianopsia and severe papille- 
dema during the course of serum sickness. 
Allergic headache due to food was reported 
by Eyermann" in 1930. A case of polyneuri- 
tis due to typhoid vaccine was reported by 
Dr. Geo. H. Hyslop and was described by 
Kennedy"! in 1928. Typhoid vaccine and 
staphylococcus vaccine were also reported 
by Young!* in 1932 to cause peripheral 
neuritis. Winkelman and Gotten'® reported 
two cases, one with autopsy findings of 
encephalomyelitis following the use of 
serum or vaccine. The autopsied patient 
had received horse serum seventy-two days 
previously but had also had symptoms of 
an upper respiratory infection three weeks 
later. At autopsy there was inflammation 
with lymphocytes in the meninges and 
about blood vessels, especially in the spinal 
cord, with obliteration of the gray and white 
matter, congestion and an increase in 
astrocytes. There also was degeneration 
with focal necrosis and Gitter cells especi- 
ally in the cerebrum. Gayle and Bowen!! 
reported the case of an eighteen year old 
boy who developed an acute ascending 
polyneuritis following the administration of 
typhoid vaccine and condensed the avail- 
able autopsy reports in the literature sug- 
gesting the following fundamental lesions: 
peripheral neuritis, destruction of anterior 
horn cells and focal destruction throughout 
the brain. 

A case of encephalomyelitis following 
vaccination against yellow fever was de- 
scribed by Lhermitte and Fribourg-Blanc’® 
in 1936. This case came to autopsy fifteen 


* From the Department of Pathology, New York Hospital and Cornell University Medical College, New York, N. Y. 
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months after the illness in the nervous 
system began and so resembled multiple 
sclerosis clinically and in the pathologic 
lesions that it strongly suggested to one of 
us* that allergy might be a cause of, or a 
mechanism in, the production of multiple 
sclerosis and that allergy might be the 
common factor underlying the breaking 
up of myelin in all demyelinating diseases 
of the nervous system. 

In 1936, Kennedy” suggested that multi- 
ple sclerosis should be studied from the 
standpoint of allergy. The most interesting 
case that he reported was that of a physician 
who was sensitive to pork, suffered from 
recurring eczema and retrobulbar neuritis 
with a cerebellar seizure and a slight hemi- 
plegia with homolateral severe thalamic 
sensations after ‘“‘inadvertently crossing the 
pork-line,”’ as the patient himself stated. 

In 1938, Pardee!* reported a case of 
violent convulsions due to ingestion of 
chocolate. Clark”? described cases of con- 
vulsions from foods in 1939. 

Finley’? in 1938 wrote a paper of great 
interest dealing with encephalitis occurring 
with vaccination, variola and measles. 
This paper, coupled with the case of 
encephalomyelitis described by Lhermitte 
and Fribourg-Blanc,'® suggested further the 
idea that “allergy ... is . . . an impor- 
tant factor in the pathogenesis of encephali- 
tis associated with vaccination, variola, 
and. measles.’’ Ross?? in 1939 described 
allergic response to honeybee stings. Baer 
and Sulzberger”! in 1939 studied a group of 
forty cases of multiple sclerosis from the 
point of view of atopy. Their comment and 
conclusions in part follow: ‘‘In our opinion 
and experience the incidence of atopic 
sensitivity found in this group of cases of 
multiple sclerosis is little higher than that 
which is to be expected in any equivalent 
unselected group studied by the same 
methods.’ This, of course, has been the 
experience of most neurologists but such a 
conclusion, as they themselves admit, adds 
nothing for or against the hypothesis that 
some sort of antibody-antigen reaction may 
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be the factor responsible for the initial 
breakup of myelin in this disease. 

Winkelman and Moore?’ in 1941 re- 
viewed the literature on “Allergy and 
Nervous Diseases”? and showed the increas- 
ing importance placed on allergy in the 
etiology of many nervous and mental 
diseases. They presented cases of migraine. 
epilepsy and focal lesions of the brain in 
which the clinical picture has been best 
explained on an allergic basis. Rich?® in 
1942 discussed the rdle of hypersensitivity 
in periarteritis nodosa. Scarlatinal encepha- 
lomyelitis has been described by Winkel- 
man.”° One case showed a diffuse inflam- 
mation with perivascular necrosis which he 
interpreted as possibly due to a virus which 
was dormant in the central nervous system 
and which was stimulated by the strepto- 
coccal infection. Ferraro** reported two 
other cases and interpreted the perivascular 
inflammation with microglia proliferation 
and vascular changes as an allergic response. 

Hurst?* in 1944 wrote a comprehensive 
review of demyelinating diseases of the 
nervous system but seemed to doubt that a 
relation exists between allergy or anaphy- 
laxis and demyelination. In summary, he 
said in part, “ ... The known antece- 
dents of demyelination and the means by 
which it may be produced experimentally 
are very diverse, and appear to include 
no common determinant more narrowly 
specific than injury to the white matter of 
one type or other. . . . Demyelination ap- 
pears to be the response of the white matter 
to injuries short of those immediately 
lethal to the tissues.’’ Cooke*® has recently 
summarized most of the knowledge per- 
taining to allergic neuropathies. 

Although the numbers involved are small, 
the development of a ‘‘multiple-sclerosis- 
like’’ disease in four of seven workers en- 
gaged in research on the disease “‘swayback”’ 
in lambs,® hitherto regarded generally as 
due to copper deficiency, is very suggestive 
that there is some common factor between 
the two diseases. Whether this factor is a 
virus, a toxin, a deficiency or an antigen is, 
of course, not known. 
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STUDIES ON EXPERIMENTAL ANIMALS 

The experimental analysis of allergy in 
the nervous system may conveniently be 
divided into two parts: (1) encephalomye- 
litis produced by vaccination or immuniza- 
tion with nervous tissue and (2) diseases of 
the nervous system produced by other 
mechanisms, such as the Arthus phenome- 
non and passive immunization with anti- 
brain or Forssman antibodies. 

Hurst** in 1932 reviewed the literature 
concerning paralytic accidents occurring 
in man following anti-rabies therapy and 
in experimental animals following injec- 
tions of brain. Numerous experiments had 
been performed beginning in 1898 using 
rabbits, rats and dogs which were given 
injections of aqueous suspensions of ox, 
rabbit, human and monkey brain and 
various types of anti-rabies vaccine. Para- 
lyses were relatively infrequent but the 
best of these experiments provide interesting 
data, notably the reports by Miyagawa and 
Ishii,*! Koritschoner and Schweinburg,*? 
Stuart and Krikorian** and Hurst.** In 
general, the pathologic picture was incon- 
stant, varying from nothing to explain the 
paralysis to moderate perivascular inflam- 
mation throughout the brain and lepto- 
meninges. Additional changes in neurones, 
myelin sheaths, axis cylinders and glia were 
described by Miyagawa and Ishii*' but the 
lack of correlation of so many changes pro- 
hibits adequate interpretation of their 
findings. However, concerning the nature of 
the antigen, it was found that rabies virus 
or toxin was not necessary but that the 
active paralyzing agent was present in 
aqueous suspensions of normal brain. 

Although the opinions of various workers 
analyzing the experimental***® and clini- 
cal**** aspects of the problem differed some- 
what, it was also found that the antigen 
probably could. be partially destroyed by 
phenol and heat. Concerning the mode of 
action of the antigen, it is also of interest to 
note the following hypotheses: There was 
an inherent predisposition of the individual 
to the disease; the injections of brain were 
not directly toxic but were one of several 
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means of activating some _ unidentified 
latent factor or factors. 

Rivers and Schwentker*! extended the 
experiments of Rivers, Sprunt and Berry*® 
by producing paralysis in monkeys more 
regularly with more prolonged courses of 
injection and by finding demyelinization 
on microscopic examination of the central 
nervous system. Ferraro and Jervis*’ re- 
peated these experiments almost exactly 
and thus established the disease on more 
precise neuropathologic grounds. Concern- 
ing the antigen, it is to be noted that its 
nature had been complicated by the addi- 
tion of an alcoholic extract to the aqueous 
suspension. Concerning the mode of action 
of the antigen, only the allergic theory had 
come into ascendency. Thus, there was a 
pause important in consolidating the find- 
ings into a coherent picture although at 
the expense of a complicated and prolonged 
technic. 

By no means have all experiments along 
these lines been successful. Hurst?® injected 
suspensions of human brain and alcoholic 
extracts of rabbit brain into monkeys and 
suspensions of pig brain into sheep and 
lambs repeatedly over a period of one year 
without producing any disease. Innes and 
Shearer®® injected suspensions of rabbit 
brain into sheep and lambs three times a 
week for one year also without producing 
any disease. 

More recently Morgan,*® and independ- 
ently Kabat, Wolf, and Bezer,**® by using 
special adjuvants have produced paralyses 
in monkeys regularly and rapidly following 
a single or only a few injections. Several 
antigens have been used, in general the 
effectiveness paralleling the myelin content, 
except for peripheral nerves which failed 
to produce the disease. 

There has been much speculation as to 
what portion of brain is the antigenic 
material responsible for allergic encephalo- 
meylitis. From the evidence at hand, it is 
suggested that the following materials 
extractable from brain are antigenic (really 
hapten in nature in that they react with 
specific antibodies but do not stimulate the 
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production of antibodies unless combined 
with a suitable adjuvant): 

1. Purified but as yet unidentified ma- 
terial soluble in cold alcohol.37% 4% 44 

2. ‘“‘Protagon,”’ soluble in hot alcohol 
but insoluble in cold alcohol;** composed 
of a mixture of sphingomyelin and galacto- 
lipins.*° 

3. “‘Sphingomyelin.’’*4 

4. ‘“‘Neurokeratin,” soluble in water but 
insoluble in all common solvents, and 
present in bacterial cultures on_ brain- 
broth.*? 

5. Material present in aqueous suspen- 
sions of gray matter but as yet not further 
identified #4 

There is, unfortunately, no evidence that 
allergic encephalomyelitis is caused by any 
of these five fractions, although the ‘‘alco- 
hol-soluble hapten,” “‘protagon”’ and ‘‘neu- 
rokeratin” are more concentrated in the 
white than in the gray matter as apparently 
is the paralytic antigen. 

Some experiments on allergy in the 
nervous system have utilized the Arthus 
phenomenon in which the injection of 
antigen into sensitized animals intrathecally 
produced an acute meningitis,*®* or intra- 
cerebrally produced a focal hemorrhagic 
necrosis*® 44655 and disseminated second- 
ary foci of inflammation and demyeliniza- 
tion.®! Alexander and Campbell** examined 
the local reaction in guinea pigs and ob- 
served a large central zone of hemorrhagic 
necrosis without patent blood vessels. ‘This 
was infiltrated with neutrophiles, microglia 
and oligodendroglia and later by astrocytes. 
It was surrounded by an anemic zone 
although the blood vessels were patent. 
They interpreted their findings as demon- 
strating a primarily vascular hypersensi- 
tivity, possibly even primarily endothelial, 
with secondary thrombosis of vessels. ‘They 
believed with Gerlach that there was a 
quantitative difference only between their 
allergic and control animals; and they 
disagreed with Réssle, who thought that 
there were many eosinophiles as well as the 
quantitative difference. Jervis, Ferraro, 
Kopeloff and Kopeloff*! observed not only 
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a local necrosis typical of an Arthus phe- 
nomenon but also scattered cellular reac- 
tions with giant cells and demyelinization 
at other points throughout the brain. 
These, they believed, were indicative of a 
secondary allergic response, perhaps to the 
broken-down brain tissue which then be- 
came antigenic. These secondary reactions 
consisted of demyelinization, a perivascular 
inflammatory reaction with giant cells, 
hemorrhage, thrombosis and fibrosis of 
blood vessels, necrosis and gliosis. 

A type of passive immunization was used 
by Hurst and Atkinson”? who injected sheep 
or rabbit anti-pig-brain-serum intrathecally 
into pigs to produce a widespread menin- 
gitis, choroiditis and encephalitis but no 
demyelinization. Hurst”® injected rabbit or 
goat anti-monkey-brain-serum intrathecally 
into monkeys with the same results. Jervis** 
injected Forssman antibodies (rabbit anti- 
guinea-pig-kidney-serum or anti-sheep-red- 
blood-cells-serum) into the carotid artery 
of guinea pigs and observed ataxia and 
nystagmus. Pathologically, the blood vessels 
were dilated and congested and there were 
hemorrhages. There was a diffuse degenera- 
tion of neurones and a mild glial reaction; 
moreover, there were disseminated foci of 
softening consisting of areas of demyeliniza- 
tion with compound granular corpuscles. 
There were no giant cells and blood cells 
were thought to be more rare than in the 
other types of anaphylactic experiments 
using brain vaccines. Jervis thought that 
the Forssman antibody passed through an 
impaired blood-brain barrier. One would 
expect guinea pig tissue, including brain 
(although it apparently has not been 
tested®”), to contain Forssman antigen with 
which the injected antibody might react. 

Ferraro®® discussed the pathology of 
demyelinating diseases, correlating studies 
on man and experimental animals, as an 
allergic reaction of the brain with emphasis 
on the vascular changes. The vascular 
reaction consisted of a perivascular exudate 
which he stated to be always present in 
acute cases and almost always in chronic 
cases, which contained lymphocytes and 
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Gitter cells and other elements, and which 
itself varied in intensity but was not related 
to the intensity of the demyelinization. The 
blood vessels were also thickened and fre- 
quently thrombosed and there were areas 
of necrosis and hemorrhages occasionally 
in the acute cases. Ferraro believed that 
the term ‘reactive allergic inflammation”’ 
should be added as a new term to explain 
this vascular reaction. He thought that 
it coordinated Putnam’s views that the 
thrombi might be allergic or that there 
might be an allergic instability of the blood- 
clotting mechanisms which would also 
produce a vascular type of lesion. He also 
stated that giant cells up to now had been 
underemphasized and that these were some- 
times glioblastic tumor nodules such as 
Scherer described. Ferraro thought that the 
antigen might be derived from an infectious 
agent, as either an exo- or endo-toxin, or 
from products of metabolism and diet; that 
there might be precipitating factors such as 
fatigue, hyperventilation, trauma, heat, 
cold or endocrine disturbances; and that 
later the antigen might be developed from 
the gray or white matter of the brain. The 
difficulties in the past, Ferraro believed, 
have been (1) a tendency to create new 
clinical or pathologic diseases easily, (2) a 
lack of discrimination between the chronic 
and acute pathologic changes, (3) a tend- 
ency to be dogmatic in labelling a disease 
as inflammatory or degenerative and (4) a 
lack of experimental support for the estab- 
lishment of a link between the acute and 
chronic diseases on the basis of a vascular 
reaction. Parenthetically, we might add 
that not only do these objections still remain 
valid, but other objections are at hand, 
namely, the assumption that processes 
which look alike pathologically are other- 
wise alike and the disregarding of impor- 
tant clinical data in the tendency to lump 
all the demyelinating diseases together. 
Ferraro believed that hemorrhages and neu- 
trophiles were seen only in acute cases and 
that the processes of edema, lymph stasis, 
necrosis, lymphocytic, histiocytic and giant- 
cell reactions and repair were fundamental 
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to the disease process. He agreed with 
Klinge that the time-dose relationship was 
very important, a large dose producing a 
typical Arthus phenomenon with a hemor- 
rhagic phlegmonous reaction, whereas smal- 
ler repeated doses over a period of weeks 
produced leukocytic and mononuclear in- 
flammation or repeated over several months 
produced monocytic and histiocytic and 
giant-cell reaction without neutrophiles. 

By contrast, Hurst,°* summarizing his ex- 
periments on demyelinization produced by 
cyanide, azide or other chemicals, observed 
that ‘nevertheless, demyelination must be 
mediated by enzymatic processes and must 
ultimately be explained on a biochemical 
basis.”’ Later, however, in commenting upon 
his own experiments with cyanide, Hurst?® 
said: ‘‘Massive single or repeated doses 
usually damaged chiefly the cerebral or 
cerebellar cortex. Repeated (less often 
single), rather smaller doses led to bilateral 
necrosis in the basal ganglia, especially the 
globus pallidus, or in the cerebral white 
matter or in both. In a remarkable manner, 
necrosis often developed suddenly or simul- 
taneously over wide tracts of the white 
matter after a dose of the poison tolerated 
previously on many occasions.” Again, con- 
cerning azide, he stated: ‘‘Necrosis in the 
optic connections followed singie or repeated 
large doses leading to lengthy unconscious- 
ness or developed abruptly from summation 
of the effects of many small doses each in- 
sufficient to evoke marked nervous symp- 
toms. . . . These sudden marked effects 
could not be explained on the basis of mere 
accumulation of the poison in the system; 
it seemed probable that repeated small 
insults brought the nervous tissues to a state 
in which a further small dose of the poison, 
one normally tolerated, produced the most 
serious consequences.” We believe that 
these statements, especially the last, virtu- 
ally define the term ‘“‘hypersensitivity” or 
“allergy.” 


SUMMARY 


Clinically, allergic manifestations in the 
nervous system may be produced by the 
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ingestion of food, inhalation of pollen, in- 
jection of serum or vaccination against bac- 
terial or virus diseases or as complications of 
various diseases. These manifestations in- 
clude headache, somnolence, convulsions 
and signs of focal or general central or 
peripheral nervous system disease. Patho- 
logically, peripheral neuritis, myelitis, men- 
ingitis and encephalitis may be found, 
sometimes with disseminated foci of demye- 
linization or periarteritis nodosa. Whether 
classical chronic multiple sclerosis falls into 
this group is not known. 

Experimentally, a meningoencephalo- 
myelitis, sometimes with disseminated foci 
of demyelinization, can be produced in 
ways strongly suggestive that allergy is 
important: by immunization or vaccination 
with a presumably normal brain, the anti- 
gen apparently being concentrated in the 
white matter of the central nervous system; 
by the intracerebral injection of antigen 
into animals immunized against the antigen, 
a local hemorrhagic necrosis similar to the 
Arthus phenomenon also occurring and by 
the injection of Forssman antibodies into 
the carotid artery of guinea pigs. Although 
this condition is comparable to acute 
disseminated encephalomyelitis or acute 
multiple sclerosis in human beings, there is 
no evidence that a picture comparable to 
classical chronic multiple sclerosis has been 
reproduced experimentally. 
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Reviews 


Normal and Abnormal Heart 


in the School Child’* 


Martin H. WENDKOS, M.D. 
Philadelphia, Pennsylvania 


HE value of periodic physical ex- 

aminations among school children 

for the purpose of discovering 
hitherto unrecognized abnormalities of the 
heart is now well established. However, 
every examiner should be cautioned that his 
zeal for uncovering cardiac disease should 
be somewhat tempered when he must decide 
_upon the significance of adventitious cardiac 
sounds or cardiac arrhythmias in children. 
Too often normal variants are erroneously 
ascribed to structural alterations in the heart 
or its great vessels. For this reason the 
present discussion concerning the recogni- 
tion of the abnormal heart in the school 
child will be prefaced by allusions to the 
criteria by which we recognize the normal 
heart. 


THE NORMAL HEART 


Functional Systolic Murmurs. 1. Originating 
over the Mitral Area: The systolic murmur 
heard at the apex of the heart frequently 
poses a problem of differential diagnosis 
between an acquired mitral lesion, a con- 
genital defect and a functional murmur. 
However, if careful attention is paid to the 
length, intensity, extent of transmission, 
direction of transmission, point of maximum 
intensity, constancy of the murmur, associ- 
ated presence of a thrill or cardiac enlarge- 
ment, influence of respiration, postural 
change and exercise, a correct decision as 
to its real significance can usually be made. 
The past history, insofar as it may suggest 
antecedent rheumatic infection, is of great 
contributory importance. It should be 


remembered, however, that about 20 per 
cent of subjects with unquestionable chronic 
rheumatic heart disease do not give a history 
of antecedent rheumatic fever. The quality 
of the murmur cannot be considered of 
value in differential diagnosis inasmuch as 
both functional and organic mitral systolic 
murmurs can be blowing or harsh. A 
functional apical murmur, however, never 
entirely replaces the first heart sound, is 
rarely loud, is fairly well localized to the 
mitral area except when it represents a 
transmitted functional murmur from the 
pulmonic valve area, is frequently incon- 
stant from day to day or during different 
cardiac cycles and is considerably modified 
by postural change, exercise or respiration. 
In addition, a functional murmur is never 
associated with a thrill, cardiac enlargement 
or an apical or basal diastolic murmur. 

2. Originating at the Pulmonic Valve Area: 
Functional systolic pulmonic murmurs are 
extremely common, having been variously 
estimated to be found in 30 to 60 per cent 
of healthy children. In contrast to the func- 
tional systolic apical murmur, the functional 
systolic pulmonic murmur is usually harsh 
and usually replaces the first heart sound. 
It, too, is never associated with a thrill, 
cardiac enlargement or a diastolic murmur. 
It is always accentuated during forced 
expiration with the child leaning forward. 
This functional murmur is usually more 
widely transmitted than the functional 
apical murmur and, for this reason, can 
frequently be heard over the apex of the 
heart and to the right of the sternum. If 
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the heart is overactive, a sensation suggest- 
ing a thrill may be felt over the site of the 
pulmonic valve by the palpating hand; with 
care it easily can be established that the 
purring quality of a true thrill is lacking. 
Such a murmur is more frequently en- 
countered in asthenic individuals than in 
those with other types of body builds. With 
the aid of the fluoroscope and by com- 
parison between radial and femoral pulses, 
such functional murmurs can be differenti- 
ated from organic, basal systolic murmurs 
produced by anomalies such as persistent 
ductus arteriosus or coarctation of the aorta. 

3. Precordial Murmur of Still: This murmur 
is similar to the sound produced by the 
twanging of a tense, low-pitched string of a 
base violin. ‘The murmur is so low-pitched 
that it has no blowing quality at all. In 
fact, its pitch is quite similar to that of the 
first apical sound itself so that the effect is 
one of a prolongation of the first sound 
almost until the second sound is heard, offer- 
ing difficulty to the examiner in deciding 
precisely when the first sound really ends. 
This murmur usually goes unrecognized, 
probably because of the poor contrast in 
quality between the first apical sound and 
the succeeding murmur and because of the 
relatively few descriptions of it in the litera- 
ture. The likelihood of its being overlooked 
is enhanced by the fact that the murmur 
may be of only moderate intensity, with its 
point of maximum intensity, usually in the 
mid-precordium or somewhat below it but 
sometimes quite near the apex. 

Mid-systolic Click. This sound occurs in- 
frequently. It is a definite extracardiac 
sound but is heard best over the cardiac 
area, usually being loudest near the apex 
of the heart. It always appears as though 
it is very close to the examiner’s ear and as 
though it is immediately beneath the chest 
piece of the stethoscope. As its name implies, 
its quality is like that of a click made by 
the sound device frequently used by elevator 
starters. It is best heard when the child is 
leaning forward and usually disappears 
when the recumbent position is assumed. Its 
cause is as yet unknown but it is definitely 
not due to pericardial adhesions or any 
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other type of structural cardiac disease. It 
is never associated with cardiac enlarge- 
ment. It is notoriously inconstant, being 
present at one examination and absent at 
another time. 

Cardio-respiratory Murmurs. In this cate- 
gory are included all murmurs, systolic or 
diastolic in time, which are obviously related 
to the dynamics of respiration. Although the 
majority are systolic in time, some can be 
heard during the diastolic phase. They 
usually sound close to the ear and appear 
only during the inspiratory or expiratory 
phase of respiration. Their location is 
variable although most are heard best over 
the base of the heart either to the right or 
left of the sternum. Brief periods of hyper- 
ventilation usually abolish these murmurs 
entirely. They are not associated with 
thrills or cardiac enlargement. They are 
extremely inconstant, being heard at one 
examination and absent at other times. 

Split Heart Sounds. In this category are 
included physiologic split first heart sounds 
and physiologic split second heart sounds. 
When physiologic splitting occurs, the two 
components are not widely separated and 
there is no associated evidence of heart 
disease such as the presence of diastolic 
murmurs or cardiac enlargement. In chil- 
dren, a split second pulmonic sound is a 
common occurrence. 

Physiologic Third Heart Sound. ‘This sound 
may simulate a gallop rhythm and thereby 
suggest the presence of organic heart 
disease. However, the differentiation is 
easy since the physiologic third heart sound, 
like all other physiologic heart sounds, is 
unassociated with enlargement of the heart 
or significant valvular lesions. Actually, a 
third heart sound is present during each 
cardiac cycle in all normal individuals but 
it is usually inaudible except in those with 
thin chests and active circulations. The 
physiologic third heart sound is of low pitch 
and intensity and is best heard by employing 
the bell type of stethoscope chest piece 
lightly applied to the chest wall with the 
subject in the recumbent or left lateral 
recumbent position. It practically always 
disappears when the child is standing. It 
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occurs at the time of rapid ventricular filling. 
Its only importance lies in the fact that it 
may be confused with the summation gallop 
rhythm of first degree A-V heart block and, 
therefore, may suggest the existence of an 
active carditis. 

Physiologic Arrhythmias. Exaggerated in- 
fluence of the vagus nerve upon the heart 
in children is a usual occurrence. For this 
reason, sinus arrhythmia or sino-auricular 
heart block are not uncommon in children. 
These types of disturbances in rhythm have 
no pathologic significance and*can always 
be abolished by exercising the child since 
such a maneuver inhibits vagal activity. 
They are usually most evident when the 
child is in the recumbent position and are 
least evident when the child is standing. 

We are now prepared to review the phys- 
ical findings which indicate or suggest the 
presence of an abnormal heart in school 
children. 


THE ABNORMAL HEART 


Thrills. In addition to detecting the 


position of the apical impulse, palpation of 


the heart is important in that it provides us 
with a means for discovering the presence 
of thrills. It can be considered an accurate 
rule that a significant thrill cannot be pal- 
pated over the precordium unless there is 
an audible murmur. For this reason, thrills 
associated witht murmurs which are them- 
selves diagnostic are of relatively little im- 
portance. Such a thrill is the apical diastolic 
or presystolic thrill occurring with the 
diastolic murmur of mitral stenosis. A con- 
tinuous, often widespread thrill felt with 
patent ductus arteriosis gives only confirma- 
tory evidence to the continuous murmur. 
For this reason, the presence or absence of a 
thrill does not in any way influence the 
examiner in deciding whether one is dealing 
with an abnormal heart. It should be men- 
tioned that the vibration of the contracting 
ventricle, especially in those with thin 
chests, may suggest the presence of a thrill 
but the purring quality of a true thrill is 
lacking under those circumstances. Statisti- 
cally, thrills are more often encountered in 
children in association with congenital 
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defects; from this standpoint, it is important 
to seek for thrills in order to help decide 
whether one is dealing with a congenital or 
acquired valvular lesion or defects in one 
of the septa. 

Cardiac Enlargement. Of all physical signs, 
the presence of cardiac enlargement is un- 
doubtedly the most important in detecting 
the presence of organic cardiac disease. 
However, in the child in whom structural 
changes in the heart have occurred either 
as a result of congenital anomalies or as a 
result of acquired rheumatic disease, cardiac 
enlargement will practically never be encoun- 
tered without associated murmurs which 
are easily detected. In the child, cardiac 
enlargement can be established more easily 
than in the adult because the apex beat is 
easily palpable. In this regard, it should be 
remembered that the apex beat in the nor- 
mal child is felt frequently in the fourth 
interspace and, therefore, the demonstra- 
tion of an apical thrust in the fifth interspace 
should make one suspicious that cardiac 
enlargement exists. When any pronounced 
degree of cardiac enlargement exists, systolic 
retractions are a common occurrence even 
in the absence of pericardial or pleuroperi- 
cardial adhesions. When cardiac enlarge- 
ment and valvular lesions are detected in a 
colored child, it is most important to pal- 
pate for an enlarged spleen because not 
infrequently such cardiac findings may be 
the result of sickle-cell anemia. Extreme 
degrees of cardiac enlargement such as one 
sees in the adult are practically never 
encountered in children unless they are 
confined to bed with some severe, acute 
cardiotoxic illness. Rarely is it possible to 
encounter cardiac enlargement in the child 
in the absence of associated valvular lesions. 
This type of hypertrophy is the result of so- 
called idiopathic hypertrophy or the result 
of glycogen storage disease. 

Organic Systolic Murmurs. 1. Aortic Systolic 
Murmur: A systolic murmur heard over the 
second interspace to the right of the sternum 
may be accepted as evidence of aortic valve 
involvement by a rheumatic process. How- 
ever, there are two exceptions to this con- 
clusion: First, it must be ascertained that 
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this murmur is not merely transmitted 
from the pulmonic area. Second, a very 
soft and labile systolic aortic murmur may 
be caused by the emotional tachycardia and 
hypertension of physical examination or by 
the presence of a secondary anemia. These 
possibilities can be tested by repeated ex- 
amination and by obtaining a blood count. 
Occasionally, such a murmur is found in 
association with coarctation of the aorta 
and this diagnosis can be confirmed by 
noting a disparity between the blood pres- 
sure in the arms and the legs or by noting 
the absence of a pulse over the femoral 
arteries. Having decided that a systolic 
murmur in the aortic area is due to rheu- 
matic involvement of the aortic valve, the 
diagnosis of aortic stenosis is still not justi- 
fied. The latter is rare even in rheumatic 
hearts which have suffered a series of 
damaging episodes. The criteria for diagnos- 
ing this valvular lesion include a harsh 
aortic systolic murmur transmitted into the 
vessels of the neck, low pulse pressure, left 
ventricular hypertrophy, systolic thrill and 
absent second aortic sound. 

2. Apical Systolic Murmurs: If a moder- 
ately loud or extremely loud systolic mur- 
mur is heard at the apex in the course of a 
routine examination and is of maximal 
intensity at that point, is of blowing quality 
and is transmitted towards the axilla, it is 
probably well to assume that this murmur 
is an expression of mitral insufficiency due 
to rheumatic heart disease. The greatest 
difficulty in interpreting the significance of 
an apical systolic murmur arises in the case 
of the incidental finding of a systolic mur- 
mur which is maximal at the apex, is of low 
or moderate intensity, is of blowing quality 
and is transmitted very little or not at all 
to the left. Even if there is no antecedent 
history of rheumatic fever, it is still not possi- 
ble to say with assurance that the murmur 
may not be a residual of rheumatic heart 
disease since 25 per cent of subjects with 
chronic rheumatic heart disease are unaware 
of a previous attack of rheumatic infection. 
Typical migratory polyarthritis, which is 
the one sign of rheumatic disease sufficiently 
dramatic to give rise to a satisfactory de- 
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scription by the layman, occurs only in a 
minority of all cases of rheumatic disease in 
children. Here again, the presence or ab- 
sence of associated cardiac enlargement may 
help one decide as to the true significance 
of a systolic murmur. However, even when 
all evidences to support the diagnosis of an 
organic murmur may be lacking, it is still 
possible that one might be overlooking an 
organic lesion. Life insurance statistics show 
that in a random group of individuals with 
systolic apical murmurs of all sorts there is 
a mortality rate of 56 per cent above the 
expected rate. The diagnosis of an organic 
mitral lesion cannot, therefore, be made 
solely on the basis of a systolic murmur 
confined to the apex. It is recommended 
that all such persons be seen periodically at 
intervals varying up to six months according 
to the circumstances of the case. Physical 
examinations at each visit should be sup- 
plemented by laboratory, x-ray and elec- 
trocardiographic examinations at longer 
intervals. 

Diastolic Murmurs. Provided a diastolic 
cardiorespiratory murmur can be excluded, 
the presence of a diastolic murmur always 
indicates that organic heart disease is 
present. The two most common diastolic 
murmurs are those produced by mitral 
stenosis and aortic insufficiency. Each will 
now be considered separately. 

1. Diastolic Murmur of Mitral Stenosis: In 
attempting to elicit this murmur, the ex- 
aminer should always place the child in 
the left lateral decubitus position. In the 
child, the murmur of mitral stenosis usually 
does not take the form of the classical 


crescendo presystolic rumble ending in the 


snap of the first mitral sound; it appears 
more frequently as a softer sound, mid- 
diastolic in time and slightly rumbling in 
quality which ceases before the first sound 
appears at the apex. In some children, 
especially in those who have sustained con- 
siderable cardiac damage, it may appear in 
the classical adult form, namely, the pre- 
systolic crescendo rumble ending in the 
snapping first sound. The diastolic murmur 
of mitral stenosis in the child may or may 
not be accompanied by an apical systolic 
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murmur of mitral insufficiency. Associated 
enlargement of the cardiac chambers may 
or may not be evident but usually some 
cardiac enlargement can be detected. An 
associated thrill will be palpable if the 
murmur is sufficiently intense. 

2. Diastolic Murmur of Aortic Insufficiency: 
The aortic diastolic murmur is also patho- 
gnomonic of an organic valvular lesion, 
namely, aortic insufficiency. Its presence in 
the child is practically always the result of 
rheumatic heart disease and, therefore, is 
usually associated with a mitral valve lesion. 
However, there are undoubtedly instances 
when it can exist as an isolated lesion even 


when due to rheumatic fever. Rarely is it | 
the result of a congenital anomaly of the | 


aortic cusps, in which case the associated 
stigmata of coarctation of the aorta are 
usually present. As in the adult, this mur- 
mur frequently escapes detection because 
it often can be heard only with the child 
bending forward at an acute angle and with 
the breath held in expiration. Occasionally, 
it may be audible only when the child is 
examined in the prone position. In attempt- 
ing to elicit this murmur, the examiner 
should always employ a chest piece with a 
diaphragm or listen with the bare ear 
against the chest. In children, the diastolic 
murmur of aortic insufficiency is likely to 
appear in somewhat different form than it 
does in adults. It usually has a very hollow 
sighing quality as compared with the more 
low-pitched and full-bodied aortic diastolic 
murmur of adults. Its point of maximum 
intensity is usually in the third left inter- 
space close to the border of the sternum; 
and its direction of transmission, when it is 
sufficiently intense, is in a diagonal line 
toward the apex. However, even when the 
examiner hears this transmitted murmur 
first at the apex, its difference in quality 
from the somewhat rumbling apical dias- 
tolic murmur of mitral stenosis should 
suffice to indicate its origin. An associated 
systolic aortic murmur is common. 

3. Diastolic Murmur of Persistent Ductus 
Arteriosus: A diastolic murmur produced 
by persistent ductus arteriosus never occurs 
without a systolic murmur which is best 
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heard over the pulmonic area. When the 
diastolic murmur of a persistent ductus 
arteriosus is present, it lends to the murmur 
the quality popularly described as ‘“‘ma- 
chinery” murmur. Under these circum- 
stances it is practically always associated 
with a thrill. This is in contrast to the 
diastolic murmur of aortic insufficiency or 
the diastolic murmur of mitral stenosis. 
The diagnosis of persistent ductus arteriosus 
can also be readily confirmed by a fluoro- 
scopic examination. 

Cardiac Arrhythmias. The benign nature 
of sinus arrhythmia, occasional premature 
contractions and sino-auricular heart block 
in children has already been alluded to in 
an earlier portion of this discussion. How- 
ever, it should be remembered that oc- 
casionally more serious types of arrhythmia 
may be encountered. For instance, a regular 
rhythm with a heart rate of 60 or below may 
indicate the presence of complete A-V 
heart block. In contrast to a sinus brady- 
cardia, the slow heart rate of complete 
heart block will not be accelerated by 
exercise. Also, during some of the cardiac 
cycles, there usually is a sudden intensifica- 
tion of the first heart sound. In children, 
complete heart block may be the result of 
congenital or acquired heart disease. The 
congenital form is frequently associated with 
a normal-sized heart and signs of inter- 
ventricular septal defect but this associated 
anomaly may be lacking. By contrast, the 
acquired type of complete heart block is 
always associated with cardiac enlargement, 
signs of rheumatic valvular disease, easy 
fatiguability and dyspnea following exer- 
tion. Lesser degrees of A-V heart block can 
be suspected when there is a sudden cessa- 
tion of all cardiac sounds for the duration 
of at least one heart cycle or when one can 
detect summation gallop rhythm. In this 
type of gallop rhythm, the extra sound is the 
result of a superimposition of the vibrations 
produced by auricular systole upon those 
which occur during the period of ventricular 
filling. The presence of any degree of A-V 
heart block in children should always 
arouse suspicion as to the existence of an 
active carditis, usually rheumatic in origin. 


Juvenile Electrocardiogram 


Davip LITTMANN, M.D.* 


West Roxbury, Massachusetts 


LTHOUGH the cause for the _phe- 
nomenon is not clearly understood, 
it is a well known fact that the T 
waves derived from Liv in children are 
frequently inverted and opposite in direction 
to those obtained in adults. Recently, how- 
ever, an examination of the literature failed 
to reveal a complete description of the 
juvenile electrocardiographic pattern. Many 
of the studies on this subject were performed 
with earlier technics which differed ma- 
terially from those now employed and 
resulted in findings not entirely comparable 
with those obtained at present. 

Master, Dack and Jaffe* who studied this 
problem in 1937, employed seven chest 
positions beginning at the right sternal 
border in the fourth or fifth interspace 
(depending on the age and size of the child) 
and extending at intervals of 2 cm. to a 
point 10 cm. to the left of the mid-sternal 
line. The other electrode was placed on the 
left leg. With the technic employed the T 
wave is normally inverted in adults when 
the exploring electrode is on the left side of 
the chest. In children they found that the T 
waves were commonly erect in positions 1, 
2 and 3, less frequently in 4 and 5 and 
generally flat or inverted in 6 and 7. They 
could find no constant relationship between 
the degree of axis rotation and the fre- 
quency of juvenile configuration of the T 
waves. The authors ascribed the observed 
electrocardiographic difference in children 
to the relative predominance of the right 
ventricle over the left, as compared to 
adults and to the comparatively greater 
A-P diameter of the chest. 


At about the same time Messeloff and 
Pomerantz*® made a somewhat similar study 
of Liv in normal children and ambulatory 
children with heart disease. They placed 
the right arm electrode in the fourth inter- 
space just to the left of the sternum and the 
left arm electrode on the back of the chest 
at the same level. The authors found such 
marked and unpredictable variations of 
T', that they concluded that there was ‘“‘no 
justification for the routine use of Liv for 
ambulatory children with heart disease.”’ 

On the other hand, Levy and Bruenn® 
after observing patients with active rheu- 
matic heart disease suggested that T; often 
gave valuable information about the course 
of the illness. ‘They noted that during a re- 
lapse Ty frequently became more positive. 
They also put the left arm electrode in the 
fourth interspace just to the left of the 
sternum and the right arm electrode pos- 
teriorly. Subsequently they employed the 
left leg as the indifferent point. Their 
patients were young adults but in view of 
the frequency of rheumatic fever in youth 
their reports stimulated further studies in 
children. 

Robinow, Katz and Bohning’? made an 
extensive study of the I’, problem in healthy 
and rheumatic children. They also investi- 
gated the physical and electrical phenomena 
responsible for the differences noted in the 
direction of the TIT waves derived from 
the chest leads in children and adults. In the 
technic employed one electrode was placed 
in the fourth left interspace just beyond the 
sternum and the other was located pos- 
teriorly medial to the right scapula. The 
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authors observed a direct correlation be- 
tween the degree of axis deviation and the 
direction of the T wave; 80 per cent of the 
children with right axis deviation had up- 
right ‘Tys while of those without right axis 
shift only 30 per cent demonstrated the same 
phenomenon. It was thought to indicate 
that right axis deviation was an important 
although not the sole factor responsible for 
the presence of an upright (juvenile) T, in 
normal children. ‘The shape of the chest was 
considered to be of greater importance. 
They also noted that ‘T’, was not as stable in 
children as in adults and suggested that this 
might explain the discrepancies observed 
between changes in ‘Ty and the clinical course 
of the patients. In serial tracings of some 
twenty normal children they observed that 
with the passage of time ‘I’, generally altered 
toward the adult form but sometimes devi- 
ated away from it. 

The authors concluded that the practical 
value of Liv in children suffering from rheu- 
matic heart disease was definitely limited. 
‘‘Single records in individual cases add no 
valuable information and _ serial curves 
supply data which may be suggestive and 
are only confirmatory to that obtained from 
the ordinary standard 3 leads.” 

Dwan and Shapiro' who also studied 
electrocardiograms in children noted, con- 
trary to the findings of the previous authors, 
that the four lead tracings in children ap- 
peared to be constant from day to day. It 
was their impression that Liv in children 
was of distinct value. 

Rosenblum and Sampson"! examined the 
electrocardiograms of fifty children between 
the ages of one month and sixteen years. 
Using an earlier technic in which the adult 
T,, is normally inverted they found an erect 
T, in 64 per cent of their subjects. Of the 
remainder, 32 per cent had a diphasic T, 
and 4 per cent had inverted or adult forms. 

Heard, Burkley and Schaefer? took elec- 
trocardiograms of premature infants and 


AMERICAN JOURNAL OF MEDICINE 


627 


found erect T,4s (juvenile forms) in four of 
five instances. 

Recently, a survey was made of 300 
healthy, adult negroes and a significant 
number of these were found to have what 
appeared to be a persistence of the juvenile 
pattern.® The T’ wave was found to be in- 
verted (present technic, abnormal as made) 
IN CF2, CF3 and CF4, sometimes CF; and once 
in cFs. The crt waves, however, were prac- 
tically always erect, rarely diphasic and 
never inverted. 

In a subsequent investigation’ of the elec- 
trocardiographic abnormalities found to 
accompany spontaneous left-sided pneumo- 
thorax with mediastinal emphysema, the 
contour of the TIT’ waves derived from the 
thoracic leads bore a striking resemblance 
to those seen normally in childhood. The T 
waves in CF; and were generally 
inverted. Here, too, however, the T waves 
from the corresponding CR leads were 
erect. 

In view of the differences noted between 
the crrT and cRT waves and since pre- 
vious electrocardiographic surveys of chil- 
dren did not apparently include chest leads 
made with the several standard indifferent 
points, a study of fifty normal children was 
undertaken. 

All of the children selected for this study 
were between the ages of six and eleven. 
They were picked at random from the 
classes of a primary school in grades from 
one to four inclusive. The electrocardio- 
grams were made on a wooden table in a 
room set aside for the purpose at the school. 
The leads employed were the normal limb 
leads, CFe, CF3, CF, and CF5, CRe, CR3, CR4 
and CR; and Cle, CL3, CLy and cL;. The 
machine used throughout the study was a 
Sanborn cardiette. 


RESULTS 


The findings are summarized in Tables 
1, 1, 11. ‘Table 1 is concerned solely with the 
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TABLE 1 
RESULTS OBTAINED WITH CF LEADS 


All Children | Boys Girls 


Per Cent | No. | Per Cent | . | Per Cent 


Purely adult forms...... 

Inverted or diphasic Tcr, only. 

Inverted or diphasic Tcr, and Tcr; only ................. 
Inverted or diphasic Tcr., Tcr; and Tcr, only 

Inverted or di:;hasic Tcr., Tcr;, Tor, and Tcr; 


Totals. ... 


TABLE II 
RESULTS OBTAINED WITH CR LEADS* 


All Children | Boys Girls 


| | | 
| Per Cent) No. | Per Cent) No. | Per Cent 
| | | 
Purely adult forms...... 94.0 | 24 88.8 23 | 100.0 
Inverted or diphasic Tcr: only. . a 11.1 | 0 | 00.0 


| 
* Actually there was only one inverted Tcr,. The other two were diphasic. None of the CR leads showed any 
degree of T wave inversion. 


TABLE Ul 
RESULTS OBTAINED WITH CL LEADS 


All Children | Boys Girls 


No. | Per Cent | No. Per Cent | Per Cent 


Inverted or diphasic Tcr- only. 
Inverted or diphasic and only 

Inverted or diphasic Toi; and only 

Inverted or diphasic Tcr,, Tor, and 


Totals. ... 
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14 28 .0 | 21.7 
18 36.0 9 3.3 9 39.1 
12 24.0 6 22.2 6 26.1 
2 4.0 1 3.7 1 4.3 
4 8.0 | 2 
| | | | | 
0 
3 
3 
3 
0 
A 0 0.0 | 0 0.0 0 | 0.0 
100.0 | 27 | 99.9 | 23 | 99.9 
| | | | | 
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results obtained by the use of the cr leads. 
There were fourteen purely adult forms in 
the fifty children examined. In the age 
group studied no constant relationship 
could be established between the incidence 
of adult forms and the age of the subjects. 
Although most of these forms occurred in 
children of nine, ten and eleven years of 
age, a large proportion was found in sub- 
jects of six, seven and eight years of age. 
However, a possibly significant difference 
in the incidence of adult forms was noted 
between boys and girls; 33.3 per cent of the 
former and only 21.7 per cent of the latter 
demonstrated adult graphs. ‘The remainder 
of the group showed ‘T’ wave divergence 
varying between inverted or diphasic Tcr, 
to inversion of the T’ wave in all of the cr 
leads employed. However, it will be noted 
that the largest proportion of the children 
had involvement of Tcr: only while pro- 
gressively smaller groups showed inversion 
of the T waves in CF3, CF4 and CFs. 

In no case was there inversion of TcF; or 
Tcr, without equivalent or greater involve- 
ment of Tcr; and Tcrz. It will be seen from 
the illustrative tracings that the greatest 
degree of inversion occurred in TcF, with 
progressive diminution in TcF;, Tcr, and 
TcF; or with erection of the ‘T wave at any 
point after cF2. Occasionally there was an 
abrupt reversal in the direction of the T 
wave between two consecutive positions of 
the exploring electrode as in Figure 1. 

When the right arm was selected as the 
indifferent point, a marked change in the 
incidence of adult forms was noted. Per- 
sistence of any trace of T wave negativity 
was found in only 6 per cent of the fifty 
children. This took the form of a slight 
inversion (1 mm.) of TcRe in one child and a 
diphasic T wave in the same lead in two 
others. All of the T waves of these and the 
other children in leads cR3, CRy and CR; 
were erect and adult in form. 

The tracings resulting with employment 
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of the cL leads were intermediate between 
those obtained with the cr and the cr: leads. 
Adult graphs were found in 82 per cent of 
the children and the number of interme- 
diate forms was proportionately smaller. 
TcLs was never negative and TcL, was in- 
verted in only one instance. In no case were 
juvenile forms found in the cr or ct leads 
where the cr leads resulted in an adult 
pattern. 

Two children had unimportant degrees of 
left axis rotation but no significant right 
axis deviation was encountered. No correla- 
tion could be made in the children studied 
between the degree of axis rotation and the 
incidence of adult and juvenile forms. 


COMMENTS 


It would appear from the findings that 
the most puerile electrocardiogram is that 
demonstrating I’ wave inversion in the cF 
leads from the left sternal border to or 
beyond the apex and even into the axilla. 
Contrariwise, the least juvenile or most 
nearly adult form is that which shows T 
wave alteration in the CF, position only. It 
is, therefore, probable that erection of the 
T wave occurs first in CFs or CF; and as the 
child grows older progressively involves 
CF4, CF; and finally cr2. That this is a steady 
progress is not, however, definitely known. 
There is some evidence’ to indicate that 
fluctuation of the process may occur in 
healthy children. This has been observed 
by the author in several instances. 

Of considerable interest and some impor- 
tance are the results obtained by the use of 
the cr leads. When the right arm is used as 
the indifferent electrode, there is little if 
any apparent difference in the precordial 
tracings obtained from children as com- 
pared to those similarly made on adults. 
Rarely a diphasic or negative T wave is 
found normally in adults in the second 
chest position (cF2)* and this is perhaps 
slightly more frequent in younger subjects. 


« 
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Fic. 1. 


Characteristic juvenile electrocardiogram demonstrating 


inverted Tcr, and Tcr; with abrupt erection of Tcr,. T waves in the cR 


and ct leads are upright. 


However, in the more frequently used 
manner when the exploring electrode was 
placed just outside the apex no difference at 
all was found in the cr leads of the fifty 
children studied. For all purposes, such 
curves had no earmarks of age and could 
not be distinguished from an equal number 
of adult graphs. 

Although the study was not repeated, the 
striking unanimity of direction of the T 
waves derived from the cr leads in a group 
as large as this makes it probable that un- 
predictable variations and fluctuations do 
not occur. It would appear, therefore, that 
where the T wave in Ivre is of diagnostic 


value in the adult it would be of similar 
importance in the child. It should be of 
particular interest in following the course of 
such conditions as rheumatic carditis. 

The T waves derived from the cu leads 
were found to be intermediate between CR 
and cr. They were neither as positive as the 
first or as negative as the second. Inverted 
T waves occurred with sufficient frequency 
in the ct leads to render them of little 
diagnostic value. 

In considering the causes for the differ- 
ences noted between juvenile and adult Ts 
Robinow, Katz and Bohning’? postulated 
that the shape of the chest and its physical 
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Fic. 2. Characteristic juvenile electrocardiogram with inversion of 
Tcr2, Tor; and Tcr,. The T waves in the cr and ct leads are upright. 


relation to the heart was of paramount im- 
portance. Their work indicated that the 
amount and character of the tissues inter- 
posed between the heart and the chest wall 
profoundly influenced the character of the 
electrocardiogram. ‘These features were 
thought to be sufficiently different in 
the chests of adults and children to ac- 
count for the electrocardiographic varia- 
tions encountered. 

In support of this contention are the find- 
ings recently observed in two patients with 
spontaneous left-sided pneumothorax with 
mediastinal emphysema.’ The T waves 
derived from the cr leads in these patients 
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showed various degrees of inversion when 
the patients were in the supine position 
and the extrapulmonary air was trapped 
anteriorly. However, when they were erect 
and the pneumothorax had shifted cephalad 
the IT. waves became erect. Although the 
mediastinal emphysema was in part re- 
sponsible, apparently in these patients the 
physical presence of air between the heart 
and the exploring electrode interfered with 
the normal surface distribution of the elec- 
trocardiac manifestations and resulted in an 
altered pattern. In spite of this, however, 
the T waves derived from the cr leads were 
relatively unchanged. They were somewhat 
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Fic. 3. Characteristic juvenile electrocardiogram. Tcr2, Tcr; and Tcr, 
are inverted. TcL» and Tct; are inverted. The T waves in the cr leads 


are upright. 


lower when made in the supine position but 
were essentially within normal limits. The 
cause for this is obscure but it appears likely 
that the electrocardiographic pattern de- 
rived from the cr leads is interfered with to 
a lesser and relatively inconsequential 
degree by changes in the extracardiac 
tissues. In a similar manner it is suggested 
that differences between adult and juvenile 
chests are of lesser electrocardiographic im- 
portance in the cr than in the cF leads. 
This, however, should not lessen the value 
of the cr leads for the diagnosis of purely 


cardiac involvement. It is felt that the 
routine use of Iver in children will be of 
value and will serve to replace the unpre- 
dictable variations and diagnostic inade- 
quacies of lead Ivr. 


SUMMARY 


1. Multiple lead electrocardiograms were 
made of fifty school children between the 
ages of six and eleven, in order to determine 
the normal juvenile electrocardiographic 
pattern. 

2. In the group studied purely adult 
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forms were more frequently encountered in 
boys than in girls. 

3. Those individuals demonstrating the 
most juvenile forms had T wave inversions 
in CF5, CF4, CF3; and CF2. Those with the 
most nearly adult forms had negative or 
diphasic T waves in Cre only. 

4. It is suggested that change from the 
puerile to the adult form takes place first in 
the axillary location and then proceeds 
medially to the left border of the sternum. 

5. The T waves derived from the cr 
leads of children were not found to be 
materially different from those of adults. 

6. The T waves from the ci leads were 
intermediate between cr and cF and had no 
diagnostic advantages over either. 

7. No significant relationship could be 
established between the degree of axis rota- 
tion and the incidence of T wave negativity. 

8. It is recommended that lead ivr be 
made routinely in children, in place of IvF 
which is unpredictable and of little diag- 
nostic value. 
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HE isolation and synthesis of the 

compound 3,3’-methylenebis (4-hy- 

droxycoumarin), now generally 
known as ‘‘dicumarol,’’ was reported in 
1941 by Link and his associates at the 
University of Wisconsin.''? Since that time 
considerable experience has been accumu- 
lated concerning the usefulness of this com- 
pound in the prevention of intravascular 
thrombosis in human beings. 

The principal physiologic effect of dicu- 
marol on human beings is the marked 
inhibition of prothrombin activity as indi- 
cated by prolongation of the prothrombin 
time.** This effect is the same as Link and 
his associates observed in studies on animals. 
It is generally assumed, although not con- 
clusively proved, that the primary action of 
dicumarol is a peculiarly selective inhibition 
of the formation of prothrombin by the 
liver. This inhibition is temporary and 
other functions of the liver are apparently 
not affected even after long continued use 
of dicumarol. There is evidence that dicu- 
marol has other inhibitory effects on 
the coagulation mechanism. Spooner and 
Meyer,’ and Wright® have shown that it 
inhibits adhesiveness of blood platelets and 
Hurn and her co-workers’ have shown that 
it increases the antithrombic activity of 
blood serum. It has been shown that when 
the prothrombin time is greatly prolonged 
by dicumarol the coagulation time of whole 


blood is also prolonged; however, when 
there is only moderate prolongation of the 
prothrombin time, the coagulation time of 
whole blood in glass tubes may not be 
greatly affected’ and cannot be correlated 
with the prothrombin time. Margulies® has 
shown that the coagulation time of venous 
blood drawn into a silicone coated syringe 
and tested in a silicone coated glass tube at 
37°c., is significantly prolonged after dicu- 
marol has been given even when there is 
only moderate prolongation of the pro- 
thrombin time. Dicumarol prolongs clot 
retraction time. At first we thought that it 
frequently increased the sedimentation rate 
of the erythrocytes but subsequent studies 
have shown that it probably has little if any 
effect on the sedimentation rate. It has not 
been shown that dicumarol has any other 
physiologic effects on the human body 
except those exerted on the clotting factors 
of the blood. We have observed four patients 
in whom minor allergic reactions, urticaria 
and headache, developed after dicumarol 
had been administered. 

At present, we believe that the only 
satisfactory and practical method for meas- 
uring the effect produced by dicumarol is 
the Quick prothrombin time test. Other 
methods for determining the anticoagulant 
effect of this drug are either difficult, 
inaccurate or have not been used sufficiently 
to prove their value. There is some dis- 


* From the Division of Medicine, Mayo Clinic, Rochester, Minn. 


AMERICAN JOURNAL OF MEDICINE 


634 


Dicumarol— Barker et al. 


agreement as to whether the test is best done 
on undiluted plasma or diluted plasma. 
Shapiro and Sherwin® favored the use of a 
12.5 per cent solution of plasma in a 0.9 
per cent solution of sodium chloride. We 
still use only undiluted plasma because we 
believe that the end points are more definite 
and consistent when undiluted plasma is 
used. 

Dicumarol is effective when administered 
orally. This is a relative advantage from the 


standpoint of simplicity of administration. ° 


No satisfactory preparation for parenteral 
administration has been developed. This is a 
disadvantage from the standpoint of accu- 
racy of dosage. The effect of dicumarol is 
delayed for twelve to seventy-two hours or 
longer after a dose has been given. This is a 
distinct disadvantage when a rapid anti- 
coagulant effect is desired. The effect of 
dicumarol may persist for seventy-two 


hours or longer once it has developed. This 
may be an advantage in maintaining the 
anticoagulant effect but is a disadvantage 


when it is desirable to stop the anticoagulant 
effect rapidly, for example, in case of 
bleeding. 

Early in our experience with dicumarol, 
it was found that prolongation of prothrom- 
bin time varied greatly among different 
patients after the administration of a certain 
amount of dicumarol and that the degree of 
response was usually unpredictable. Hepatic 
insufficiency, renal insufficiency and dietary 
insufficiency were found to augment the 
effect greatly. Some diseases of the gastro- 
intestinal tract, recent operations on the 
stomach or the intestine and repeated 
vomiting may greatly decrease or nullify 
the effect. In patients in whom thrombosis 
occurred recently they are frequently but 
not always more resistant to dicumarol; 
however, there undoubtedly are other fac- 
tors which may produce relative sensitivity 
or resistance to the drug which are entirely 
unpredictable and which unfortunately 
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may vary somewhat from time to time in the 
same patient. For these reasons the produc- 
tion and maintenance of a certain degree of 
prothrombin deficiency by dicumarol be- 
comes an individual problem in each case. 
The amount of dicumarol administered on 
each day may be arbitrarily fixed but the 
days on which the drug is given have to be 
selected on the basis of daily prothrombin 
time tests. We have believed that it is 
simpler and just as satisfactory to give one 
daily dose as it is to give the same amount 
in divided doses. If daily prothrombin time 
tests are not done, it is always uncertain 
whether the doses of dicumarol are produc- 
ing the desired effect, an inadequate effect 
or an excessive and possibly dangerous 
effect. 

Because of the importance of the Quick 
prothrombin time test as a guide to effective 
and safe administration of dicumarol, it is 
necessary to emphasize some of the technical 
features of this test which apparently are 
not generally appreciated. The exact me- 
chanics of performing the test are simple’” 
but the variable in the test is the potency of 
the thromboplastin. It is useless to state that 
the normal prothrombin time, as indicated 
by this test, is a certain number of seconds 
and it is equally useless to state that a cer- 
tain degree of prothrombin deficiency, for 
example 20 per cent prothrombin, is indi- 
cated by a certain number of seconds, be- 
cause the times for these concentrations of 
prothrombin are entirely dependent on the 
particular thromboplastin which is used 
and the way in which it is prepared." 
Thromboplastins from the same source pre- 
pared in the same way also may vary in 
potency. For these reasons it is necessary at 
all times for the laboratory worker to know 
the percentages of prothrombin indicated 
by prothrombin times of any number of 
seconds. It is also advisable that the 
laboratory worker report the prothrombin 
time to the clinician in terms of per cent of 
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the normal concentration of prothrombin 
rather than in seconds. If clinicians become 
accustomed to discussing concentrations of 
prothrombin in terms of percentages rather 
than time, it is possible to compare the re- 
sults of the tests performed in many institu- 
tions or by individual physicians in different 
laboratories. If seconds are used no such 
comparison is possible. Some misunder- 
standings have arisen in the computations of 
prothrombin percentages from prothrombin 
times in seconds. There is no way that per- 
centages of prothrombin can be computed 
accurately by any linear relationship be- 
tween an elevated prothrombin time and a 
normal prothrombin time. The only accurate 
way to compute prothrombin percentages 
from prothrombin time is to compare fre- 
quently the values obtained for prothrombin 
deficient plasma with values obtained with 
the same thromboplastin for serial dilutions 
of two or three samples of normal plasma. 
Dilutions are theoretically best made with 
prothrombin-free plasma but actually the 
same results may be obtained by diluting 
with an 0.9 per cent solution of sodium 
chloride. For example, the prothrombin 
time of normal plasma and of 10, 20 and 30 
per cent solutions of normal plasma in 0.9 
per cent solution of sodium chloride are 
obtained with the particular thromboplastin 
in use. A comparison of the prothrombin 
time of the plasma of the patient receiving 
dicumarol with the prothrombin times for 
these diluted samples of normal plasma will 
permit a reasonably accurate report in 
terms of percentage of normal prothrombin. 
It is worthy of note that the relatively great 
decrease of prothrombin from 100 to 50 per 
cent of normal is indicated by only a slight 
increase in the prothrombin time while the 
relatively slight decrease in the concentra- 
tion of prothrombin from 10 per cent of 
normal to 5 per cent of normal is indicated 
by a relatively great increase in the pro- 
thrombin time. 
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Our experience has led us to believe that 
when dicumarol is used as an anticoagulant 
it is advisable to keep the concentration of 
prothrombin between 10 and 30 per cent of 
normal as calculated by the previously 
mentioned method, because we have en- 
countered thrombosis in some patients in 
whom the concentration of prothrombin was 
greater than 30 per cent and most of the 
instances of major bleeding have occurred 
when the concentration of prothrombin was 
less than 10 per cent of normal. When the 
concentration of prothrombin was kept 
between 10 and 30 per cent of normal few 
instances of major bleeding and almost no 
instances of thrombosis have occurred. ‘This 
zone of effectiveness and relative safety is a 
comparatively narrow one and some ob- 
servers have been satisfied with less drastic 
reduction in the concentration of pro- 
thrombin. This may be sufficient to prevent 
thrombosis in some patients but is certainly 
less effective if the stimulus to thrombus 
formation is strong. We believe that if 
dicumarol is used at all, a strong attempt 
should be made to secure the optimal effect 
in each patient. 

The plan of dosage which we have con- 
tinued to employ since our early experiences 
with the drug is quite simple. The entire 
amount for one day is given in a single dose: 
300 mg. of dicumarol are given on the first 
day and 200 mg. are given on each subse- 
quent day that the concentration of pro- 
thrombin is greater than 20 per cent of 
normal. On days when the concentration of 
prothrombin is less than 20 per cent of nor- 
mal no dicumarol is given. Even with this 
method the variability of response among 
diflerent patients is considerable. In the 
majority of patients it is quite easy to main- 
tain the concentration of prothrombin 
between 10 and 30 per cent of normal but 
in some patients who are sensitive the con- 
centration of prothrombin may quickly 
drop below 10 per cent of normal. In these 
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patients we usually cut the dose from 200 to 
100 mg. In an occasional patient who is very 
resistant we increase the dose from 200 to 
300 mg. 

It has been shown that in most patients 
large doses of menadione bisulfite (synthetic 
vitamin K) given intravenously, usually 
within a few hours will increase prothrom- 
bin percentages which have been lowered 
excessively by dicumarol.'* This is par- 
ticularly true in patients who are found to be 
hypersensitive to the drug when it is em- 
ployed in the usual doses as indicated 
previously. If the concentration of pro- 
thrombin drops below 10 per cent of normal 
and remains there for two successive days, 
30 mg. of menadione bisulfite may be given 
intravenously and this usually will raise the 
concentration of prothrombin above 10 per 
cent. 

We have given dicumarol to hospital 
patients for periods as long as nine months 
and have maintained an optimal effect on 
the basis of daily prothrombin time tests. 
In a few patients who were not in the hos- 
pital, attempts were made to continue di- 
cumarol therapy for even longer periods 
with less frequent checks of the concentra- 
tion of prothrombin and to regulate the 
dosage on the basis of a pattern which has 
been found effective for the individual 
patient after a few weeks of carefully con- 
trolled therapy. We do not recommend this 
inadequately controlled therapy since we 
believe that it cannot be considered either 
persistently effective or safe. 

The use of dicumarol with concurrent 
heparinization for the first few days is the 
best method for rapidly instituting and 
maintaining anticoagulant therapy. Since 
heparin acts rapidly, it is used to secure an 
anticoagulant effect during the period after 
administration of dicumarol has begun and 
before an adequate effect of the dicumarol 
has developed. During this period it is 
usually sufficient to give 50 mg. of heparin 
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intravenously every four hours until the 
concentration of prothrombin is less than 
20 per cent of normal as a result of the effect 
of dicumarol. Blood for the prothrombin 
time tests should be withdrawn at least 
three and a half hours after a dose of heparin 
has been given as heparin also increases the 
prothrombin time.*® 

In previous publications we have listed 
certain contraindications to administration 
of dicumarol; namely, hepatic insufficiency, 
renal insufficiency, purpura of any type, 
blood dyscrasias with bleeding tendency, 
particularly thrombocytopenia, and sub- 
acute bacterial endocarditis. We have 
believed that the use of any anticoagulant is 
contraindicated after recent operations on 
the brain or spinal cord, not because the 
danger of bleeding is greater but because 
the consequence of even a minor degree of 
bleeding at the operative site is great. 

Extra caution and an appreciation of 
increased risk of bleeding are advisable 
when dicumarol is administered to patients 
who have open ulcers, granulating wounds 
or drainage tubes. Nutritional deficiency 
may increase sensitivity to dicumarol. 

The risk of bleeding during administra- 
tion of dicumarol is small if the plan of 
dosage described previously is followed and 
if the contraindications and cautions are 
observed. Minor bleeding, such as transient 
epistaxis, local ecchymoses in the skin, small 
hematomas in operative wounds and micro- 
scopic hematuria can be disregarded. Seri- 
ous and prolonged bleeding has been noted 
from operative wounds, ulcerating lesions of 
the gastrointestinal tract and from the 
urinary tract. It has been encountered by 
us postoperatively in only 1 per cent of pa- 
tients who have had thrombosis and in only 
2.5 per cent of those who have not had 
thrombosis prior to administration of di- 
cumarol. We have encountered serious 
bleeding in 1.4 per cent of non-surgical 
patients. We have seen widespread hemor- 
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rhage and ecchymosis in only one patient, a 
patient with subacute bacterial endocarditis 
and renal insufficiency, two conditions 
which are now considered contraindications 
to the use of dicumarol. The patient died 
as the result of hemorrhage. We have seen 
three patients who have died as the result of 
bleeding from the gastrointestinal tract after 
they had received dicumarol. One of the 
patients died before much _ prothrombin 
deficiency had developed and the other died 
after the prothrombin time had returned to 
normal and had remained normal for 
several days; therefore, it is unlikely that 
dicumarol was a factor in the production of 
the fatal hemorrhage in either patient. The 
third patient had an inoperable carcinoma 
of the stomach and the hemorrhage occurred 
during moderately severe prothrombin de- 
ficiency produced by dicumarol. 

If serious bleeding occurs it is our practice 
to give 60 mg. of menadione bisulfite in- 
travenously each day until bleeding stops. 
Usually it stops within twelve hours after 
the first injection. We also transfuse 500 cc. 
of freshly citrated blood if much blood has 
been lost and repeat this as frequently as 
necessary. The transfusion of blood is done 
largely to replace blood. It supplies some 
prothrombin also but the effect of this 
usually is transitory. 

The purpose of giving dicumarol is to pre- 
vent thrombosis. As far as is known it has no 
effect on a thrombus that has already oc- 
curred or an embolus that has already 
lodged in an artery. Thus the use of di- 
cumarol is always prophylactic and not 
curative. It is given to patients who are 
known to have or have had thrombosis, in 
order to prevent extension of thrombosis or 
thrombosis in other vessels. Naturally it is 
not certain that further thrombosis will 
develop if the patient is not treated. The 
rationale for the use of dicumarol, therefore, 
depends to some extent on the percentage 
chance of thrombosis developing within the 
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period during which dicumarol can _ be 
given with adequate supervision. In some 
situations the percentage chance of further 
thrombosis or embolism is fairly well indi- 
cated by statistical studies of large numbers 
of cases. 

The rationale for the use of dicumarol for 
the prevention of pulmonary embolism in a 
patient with venous thrombosis or thrombo- 
phlebitis is based on the concept that only a 
freshly formed thrombus will become de- 
tached and form an embolus. If the throm- 
bus remains in the vein for more than a few 
hours it rarely if ever becomes detached. 
Thus, in a patient with clinically recogniz- 
able venous thrombosis or thrombophlebitis, 
if extension of thrombosis or fresh thrombo- 
sis in other veins can be prevented, embolism 
can be prevented. Actually, in a large series 
of patients with postoperative thrombo- 
phlebitis who have been given dicumarol, 
fatal embolism has not occurred although 
the expected incidence of fatal embolism 
among such patients is approximately 6 per 
cent. This strengthens the concept that an 
embolus only develops from a newly formed 
thrombus, since the only effect of the di- 
cumarol in such patients is the prevention 
of fresh thrombosis. 

Our greatest experience with dicumarol 
has been in the prevention and treatment 
of postoperative thromboembolic disease 
and this has been the subject of several 
reports.*'!4:151© ‘To date we have supervised 
the postoperative administration of dicum- 
arol to 1,983 patients; 352 of these patients 
were given dicumarol because of clinically 
evident thrombophlebitis and 329 because of 
pulmonary embolism or pulmonary infarc- 
tion. As compared with a large series of 
similar cases in which anticoagulants had 
not been given, the incidence of subsequent 
thromboembolic episodes was reduced from 
43.8 to 1.0 per cent and the incidence of 
fatal embolism was reduced from 18.3 to 
0.3 per cent among the patients with 
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embolism; the incidence of subsequent 
thrombotic episodes was reduced from 25.3 
to 2.8 per cent and that of fatal embolism 
was reduced from 5.7 per cent to zero among 
patients who had thrombophlebitis. Pre- 
liminary heparinization was employed in 
some patients in both groups. In addition, 
we have given dicumarol postoperatively to 
more than 1,302 patients for prophylaxis 
against thrombosis and embolism. Of these 
patients, 143 had had thrombosis or em- 
bolism at some time prior to the immediate 
operation. No pulmonary embolism devel- 
oped in any of these 1,302 patients and 
thrombosis developed in only two. This was 
localized to small veins in both subjects. 
After operation we have continued the 
administration of dicumarol until the pa- 
tients have been ambulatory for several days 
and until they left the hospital; the period of 
administration usually lasted seven to twenty 
days. Patients were not kept in bed or in the 
hospital longer than usual because they 
were receiving dicumarol. 

Dicumarol has been administered suc- 
cessfully to patients with postpartum throm- 
bophlebitis and pulmonary embolism for 
the purpose of preventing subsequent throm- 
boembolic episodes.'’ Our experience with 
the administration of dicumarol for this 
purpose has been limited to nineteen cases 
(four patients with pulmonary embolism 
and fifteen with thrombophlebitis). In none 
of these patients did further thrombosis or 
embolism develop and in none was there 
abnormal bleeding or increase in_ the 
lochia. Treatment was begun as early as the 
fifth postpartum day. Two mothers were 
nursing their babies, and repeated studies 
of the prothrombin time of the infants 
showed values which were normal even 
though the concentration of prothrombin 
among the mothers was between 10 and 30 
per cent of normal. Experimental studies 
have shown that when relatively large doses 
of dicumarol are given to lactating rats the 
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nursing baby rats may bleed and die;'* 
however, the doses of dicumarol given to 
the mother rats were relatively much greater 
than the doses which are given to human 
beings, in fact, they were sufficient tc 
produce generalized bleeding and death in 
the mother rats as well. This situation can- 
not be compared to the controlled adminis- 
tration of therapeutic doses of dicumarol to 
human beings. 

We have given dicumarol to 182 patients 
with thromboembolic disease which oc- 
curred as a complication of trauma, infec- 
tious diseases, congestive heart failure, 
carcinoma, blood dyscrasias or varicose 
veins or which was of the idiopathic type. 
Of these patients, 138 had acute thrombo- 
phlebitis and forty-four recently had had 
pulmonary embolism. During treatment with 
dicumarol fatal embolism did not develop. 
Non-fatal embolism developed in three pa- 
tients and subsequent venous thrombosis 
occurred in four patients. This series of 
cases is rather small and we have no statisti- 
cal data to indicate the expected incidence 
of thrombosis and embolism during the 
period of treatment if anticoagulants had 
not been given; however, it is our impression 
that the incidence was markedly reduced by 
dicumarol. ‘In several of the patients there 
had been repeated thromboembolic epi- 
sodes before dicumarol was given but these 
ceased after dicumarol was administered. It 
is not possible to state how long dicumarol 
should be given to such patients, particu- 
larly in those patients in whom thrombo- 
phlebitis or embolism complicates conges- 
tive heart failure or carcinoma or in 
patients with recurrent idiopathic thrombo- 
phlebitis. It is recognized that in these 
patients a tendency to thrombosis may 
exist for a long time, during which it is 
unpractical to give dicumarol continuously. 

We have given dicumarol to seventy-six 
patients with chronic occlusive arterial 
disease of the extremities, in some instances 
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for periods as long as four to six months. 
In forty patients the disease (thrombo- 
angiitis obliterans or arteriosclerosis ob- 
literans) was considered to be in the active 
phase when dicumarol was given. In 
thirty-six patients it was given for prophy- 
laxis after amputation. In none of these 
patients was there any evidence of recur- 
rence or extension of arterial or venous 
thrombosis during the period in which 
dicumarol was given. We do not believe 
that it is practical to give dicumarol to pa- 
tients with chronic occlusive arterial disease 
of the extremities unless the disease is in 
an active phase or unless amputation is 
necessary. 

In patients with acute arterial occlusion 
of the extremities, either by arterial em- 
bolism or thrombosis zn situ, we have used 
dicumarol, always with preliminary hepari- 
nization, for the purpose of preventing 
further intracardiac and peripheral arterial 
thrombosis.'* It has been our experience 


that secondary and distally propagating 
thrombosis from the site of the occlusion 


frequently occurs in these patients after the 
arterial spasm has relaxed and that this 
secondary thrombosis is often the factor 
which precipitates gangrene. To prevent 
this secondary thrombosis it is necessary that 
anticoagulant therapy be started as early 
as possible and certainly within twenty-four 
hours after the arterial occlusion has taken 
place. We have treated eleven patients with 
arterial embolism and sixteen patients with 
acute arterial thrombosis in situ with heparin 
and dicumarol. In ali of these subjects the 
diagnosis was made early and the adminis- 
tration of the anticoagulants was started 
within twenty-four hours after the occur- 
rence of the embolism or thrombosis. There 
was survival of the extremity in ten of the 
eleven patients with arterial embolism and 
in thirteen of the sixteen patients with acute 
arterial thrombosis. We believe that anti- 
coagulants plus procedures to eliminate 
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arterial spasm and avoidance of thermal 
trauma to the affected limb are important 
in the emergency treatment of acute ar- 
terial occlusion of the extremities. 

There have been four reports of the treat- 
ment of acute myocardial infarction with 
dicumarol. The rationale has been to pre- 
vent further episodes of coronary throm- 
bosis during the period of healing of the 
infarction and to prevent intracardiac 
thrombosis, venous thrombosis, pulmonary 
embolism and thrombosis in peripheral and 
cerebral arteries, all of which have been 
known to be relatively frequent complica- 
tions of acute myocardial infarction. Nichol 
and Page” reported the treatment of forty- 
four patients who had a total of fifty in- 
stances of myocardial infarction. These 
authors expressed the opinion that the 
incidence of secondary thromboembolic 
complications was significantly reduced. 
Peters, Guyther and Brambel?’ compared 
the results obtained in fifty cases of acute 
myocardial infarction in which the patients 
were treated with dicumarol with the results 
obtained in sixty similar cases in which 
dicumarol was not administered. They 
found that the dicumarol apparently re- 
duced the mortality rate from 20 to 4 per 
cent and that the incidence of pulmonary 
embolism was reduced from 16.6 to 2 per 
cent. Wright?? administered dicumarol to 
seventy-six patients with myocardial infarc- 
tion. In thirty-three of these patients the 
disease was uncomplicated but in forty-three 
of the patients the drug was given after re- 
peated episodes of coronary occlusion or 
thromboembolism had occurred. Four pa- 
tients in the first group and eleven patients 
in the second group died. The author be- 
lieved that this represented a reduction in 
mortality for the types of patients treated. 
In a recent article, Parker and Barker?* 
compared the results obtained in fifty cases 
of acute myocardial infarction in whom 
dicumarol was administered with the results 
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obtained in one hundred similar cases in 
which this drug was not administered and 
which previously had been reported by 
Nay and Barnes.”* Secondary thrombo- 
embolic complications occurred in 4 per 
cent of the patients to whom dicumarol was 
administered and in 37 per cent of the 
patients to whom this drug was not ad- 
ministered. The mortality rate was 10 per 
cent in the cases in which dicumarol was 
administered and 13 per cent in the other 
group of cases. 

In each of these four reports on the treat- 
ment of acute myocardial infarction, the 
series of cases in which dicumarol was 
administered is too small to permit conclu- 
sions as to the value of this drug; however, 
when considered in the aggregate they 
appear to indicate that such treatment is of 
value in preventing secondary thrombo- 
embolic complications and probably in the 
prevention of further myocardial infarction. 
Further observations on larger series of cases 
from several institutions will probably be 
available in the near future. 

If anticoagulants are to be used in the 
treatment of acute myocardial infarction, it 
would appear that the administration of 
dicumarol and preliminary heparinization 
should be started as soon as the diagnosis is 
made and that the administration of di- 
cumarol should be continued for at least 
four weeks. 


SUMMARY 


Dicumarol is a potent and valuable anti- 
coagulant drug. When used properly it 
appears to prevent intravascular thrombosis 
in almost all patients. There is considerable 
and unpredictable variation in sensitivity to 
dicumarol among different patients. Dosage 
of dicumarol must be guided by the effect 
produced in each patient as indicated by the 
degree and duration of prothrombin de- 
ficiency which develops and is indicated by 
determinations of the concentration of 
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prothrombin in the blood. It is unwise to use 
dicumarol unless adequate facilities for 
determining the prothrombin time are 
available. If the prothrombin is kept be- 
tween 10 and 30 per cent of normal by 
administration of dicumarol, thrombosis 
will almost certainly be prevented and 
serious bleeding is very unlikely to occur. 
The action of dicumarol is delayed. When 
a rapid anticoagulant effect is desired con- 
current heparinization is necessary for the 
first few days. We have found that dicumarol 
has prevented fatal pulmonary embolism 
and recurrence or extension of venous 
thrombosis in patients who have had 
postoperative nonfatal pulmonary embolism 
or thrombophlebitis. There is some incom- 
plete evidence to the effect that it will pre- 
vent peripheral thrombosis, pulmonary 
embolism and further coronary thrombosis 
in patients who have had acute myocardial 
infarction. Dicumarol with preliminary 
heparinization is valuable in the treatment 
of acute arterial occlusion of the extremities. 
It has also been used safely in patients in 
whom thrombophlebitis and pulmonary 
embolism complicated the puerperium and 
various diseases, in patients with idiopathic 
recurrent thrombophlebitis and in those 
with chronic occlusive arterial disease. While 
statistical confirmation is lacking, it is our 
impression that in many of these patients 
thrombosis and embolism have been pre- 
vented by administration of dicumarol. 
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Case Reports 


Dissecting Aortic Aneurysm’ 


An Unusual Case Having a Previous Healed Dissection and Later 
Slow Dissection of All Major Aortic Branches 


STUYVESANT BUTLER, M.D. 


Chicago, Illinois 


VER since Shennan’s able monograph 
k, in 1934, dissecting aortic aneurysm 
has received increased attention as 
evidenced by the number of reports appear- 
ing in the literature. It is the purpose of this 
paper to report an additional case followed 
both before and after the accident in some 
detail, which was remarkable because there 
was a healed dissection, and because the 
pathological course could be traced clinic- 
ally from beginning to exitus along the 
entire aorta and its branches. 

Although dissecting aortic aneurysm has 
been recognized by the pathologists for over 
two huadred years, the first description 
having been made in 1728, it was not recog- 
nized clinically until 1856. Between that 
first recognition and 1933, only five correct 
ante-mortem diagnoses were reported, but 
in the last ten years it has been described 
some fifty times. The symptomatology is 
now sufficiently well defined so that it should 
usually be diagnosed before death. 


PATHOGENESIS 


Dissecting aneurysm is a lesion produced 
by penetration of the circulating blood into 
the substance of the wall of a vessel with 
subsequent extension of the effused blood 
for varying distances between its coats. The 
sac communicates with the original lumen 
through a rupture or ruptures of the inner 
layers of the wall and then usually breaks 


through either to the exterior or back into 
the lumen. The primary rupture is usually 
transverse to the long axis of the vessel while 
the second tear is along the longitudinal 
axis. It occurs more often in males with a 
ratio of two to one, and usually in the fifth 
to seventh decades. Hypertension is almost 
always present; syphilis of the aorta is rarely 
present, and if present is associated with the 
atherosclerosis responsible for the dissecting 
aneurysm. 

The primary rupture most often occurs in 
the arch of the aorta in the region of the 
ductus arteriosus and the right pulmonic 
artery and is, as stated, transverse. The 
secondary rupture is usually central to this 
near the reflexion of the pericardium, and 
more often into the pericardium than else- 
where, but may be at any level. The dis- 
sected space may therefore extend centrally 
into the coronary arteries or distally to the 
termination of the iliac arteries. Any vessel 
arising from the aorta may be dissected and 
its branches involved. 

It is generally conceded that the cause of 
the primary rupture is the diastolic thrust 
where the blood comes back against the 
suddenly closed aortic cusps, especially 
where the heart is heavy and supported in 
part by the aorta. This is especially true 
when the aorta has been stretched by a 
short, strong ductus arteriosus or compressed 
by the right pulmonic artery as it passes 


* From the Presbyterian Hospital, Chicago, III. 
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Fic. 1. Electrocardiogram taken at time of original small dissection misdiagnosed 


as coronary occlusion. 


under the arch. However, ruptures do not 
usually occur through atheromatous plaques 
but at their edges or through an apparently 
intact intima. It is therefore believed that 
degenerative changes in the media which 
extend into the intima predispose to this 
condition. And especially does this medial 
degeneration predispose to dissection be- 
tween strong inner and outer coats rather 
than to rupture directly through the whole 
aorta at once. The pathogenesis includes 
many factors, mainly: (1) A rise in blood 
pressure following external or internal 
trauma; (2) primary rupture through the 
intima; (3) dissection between the coats and 
(4) rupture of the sac to the exterior or re- 
entrance into the original lumen. 

By external trauma is meant any sudden 


jarring; by internal trauma any unusual and 


especially sudden exertion. 


SYMPTOMS 


Symptoms of Primary Dissection. It is 
characterized by a sudden onset without 
premonitory symptoms in a patient other- 
wise in good health except for hypertension. 
There is a feeling of something going wrong, 
often not clearly defined, and usually in the 
thorax. 

Pain is almost invariable and maybe in 
the thorax, abdomen or both, and very 
often in the back. This may be extremely 
severe. Characteristically, the pain usually 
travels downward from its point of onset, 
taking from a few minutes to several days. 
Collapse often occurs. Other symptoms de- 
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Fic. 2. Electrocardiogram at time of second dissection. Note change in T; and T;. 


pend on the rapidity of dissection and the 
vessels involved. These include choking or 
strangling sensations in the chest, cyanosis 
or swelling of the face and neck, dyspnea or 
orthopnea, dysphagia, pain in the abdomen, 
kidney regions or legs, and in our case, un- 
controllable hiccough and jaundice. The 
pulse and blood pressure are usually un- 
changed. There may be slight fever, and 
leucocytosis is often present. There is usu- 
ally no change in the electrocardiogram 
unless dissection extends to the coronary 
arteries. There is often characteristic widen- 
ing of the entire aortic shadow to left and 
right. 


DIFFERENTIAL DIAGNOSIS 


In the absence of correct diagnosis of dis- 
secting aneurysm various other diagnoses 
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are often entertained and vary with the 
rapidity and extent of the dissection. ‘These 
include, coronary or mesenteric obstruction, 
pulmonary embolism, rupture of the heart, 
gastric crisis, renal or pancreatic colic, or 
perforated abdominal viscus. 

The course of the disease is variable, but 
unless re-entrance into the original lumen 
occurs, practically always results fatally. 
Exitus may occur from a minute to several 
months after the original tear, and death is 
almost always by perforation and without 
warning. Terminal perforation occurs most 
often into the pericardium, and then into 
the left lung or pleura, the free mediastinum 
or the abdomen. 

There is no treatment except such symp- 
tomatic help as can be given and which may 
prolong life a few weeks or months. 
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Fic. 3. Chest x-ray showing typical barrel-shaped 
aortic shadow with shadow of aneurysm extending 
through stomach air bubble. 


CASE REPORT 


This case shows the usual history of long- 
standing hypertension with enlarged heart. 
There was a beginning dissecting aneurysm 
two years earlier having some features of 
coronary occlusion and diagnosed as such 
in spite of a normal electrocardiogram. 

He later suffered from a typical dissecting 
aneurysm in which the flow of blood in the 
dissected media could be traced clinically 
through its entire extent and then lived four 
months to die suddenly from rupture of the 
aneurysm into the left pleura and lung. 


This male patient, age fifty-two, was first 
seen December 6, 1935, complaining of occi- 
pital headaches for six months. He had been 
under a severe nervous strain and worry for 
five years and had worked long hours. 

Physical examination showed him to be 
markedly overweight, of ruddy florid complex- 
ion. The peripheral arteries felt somewhat 
sclerotic, and the heart was slightly enlarged 
to the left. All other physical findings, including 
ophthalmoscopic examination, were normal. 
The blood pressure was 230/130 in both arms 
taken while he was sitting up. The urine was 


normal except for many hyaline casts. The blood 
count was normal. 

He was sent to the Presbyterian Hospital 
where renal function tests were normal, and 
blood chemistry was normal except for slightly 
elevated total non-protein nitrogen and _ uric 
acid. An electrocardiogram and x-ray film of the 
chest showed nothing but left axis deviation 
and slight enlargement of the left ventricle. 
He was kept in bed for several days. With 
sedatives and rest, his blood pressure dropped 
rapidly to 150/110. He was advised to shorten 
his hours of work, reduce his weight, avoid 
excitement, and was given small doses of 
phenobarbital and potassium iodide. The head- 
aches disappeared, and the weight was reduced 
thirty pounds. The blood pressure averaged 
150/116 for the next year. Beginning in Janu- 
ary, 1937, he increased his hours of work and 
stopped his medicine, but continued relatively 
free from headaches until March, 1937. 

First Small Perforation. While walking to the 
office after a heavy breakfast he was seized with 
a severe pain beneath the sternum, the pain 
being described as a pressure. He was taken 
home and seen an hour later. The pain was 
agonizing, requiring morphine, the pressure 
was 126/92, the pulse 112 witha regular rhythm, 
but the heart tones were indistinct and of tic-tac 
quality. There was no radiation to arms, neck 
or back. The patient was seen with Dr. James 
B. Herrick, who found dullness to the left of the 
spine from the fourth to the ninth thoracic verte- 
brae, and agreed that the probable diagnosis 
was a coronary thrombosis, in view of the 
history of pain, drop in blood pressure, and 
tachycardia. He was kept quiet for six weeks, 
then allowed a gradual increase of physical 
activity so that at the end of four months he was 
walking five miles daily; by this time the pres- 
sure had risen to about 180/100. The heart 
findings were again normal, and electrocardio- 
grams taken every six months subsequently 
showed no remarkable change from the original 
tracing taken before the accident. (Fig. 1.) 

His condition remained the same during the 
next two years except that he had two attacks 
of renal colic in April and November, 1938. 
He was seen every six months during that period 
for electrocardiogram and renal function tests. 
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Fic. 4. Diagram drawing showing original healed partial perforation; 
second perforation which led to dissection; dissected aorta and its 
branches and terminal] rupture of dissected aorta. 


All of these were normal during this period 
except for the persistent hypertension of about 
190/115, and a slight elevation of the uric acid 
and non-protein nitrogen content of the blood. 

Onset of Second Dissection. On January 4, 
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1939, he was awakened at 1 A.M. with very 
severe pain beneath the mid-sternum going 
through to the back at the level of the angles of 
the scapulae directly in the mid line. Sometimes 
it would be worse in front and sometimes worse 
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Fic. 5. Photograph taken at autopsy showing the aorta to be composed of a tube within a tube. 
Fic. 6. Root of aorta showing atherosclerosis; perforation through intima and its relation to aortic valve. 


in the back. The pain was at all times excruciat- 
ing, causing him to groan, to toss in bed and 
walk the floor. Sometimes it seemed to be pulsat- 
ing or wave-like but did not subside at any 
time. He drank whiskey and hot waiter, and 
induced vomiting without relief. A physician 
was called and gave him a hypodermic of gr. 
14 of morphine at 3 a.M., 4 A.M. and 5 A.M. 
without the slightest relief, and then ordered 
four one quart enemas of soap suds and turpen- 
tine, all with no relief. He described the pain 
as entirely different in character and location 
from that experienced three years before, and 
from that of the attacks of renal colic in the past. 

When seen by us at 3 p.m. he was groaning 
and writhing in pain. Temperature, pulse and 
respirations were normal. The trunk was warm, 
the extremities cold and clammy. The blood 
pressure was 230/116 in both arms. Examina- 
tion was entirely normal except for slight cardiac 
enlargement to left and right, unchanged from 
previous examinations. There was also slight 
dullness in the back from the third to the sixth 


vertebrae on the left near the spine. By this 
time he stated that the substernal pain had 
lessened and the back pain was one or two 
inches lower. 

He was brought to the Presbyterian Hospital 
in an ambulance with an admission diagnosis 
of dissecting aneurysm. The following additional 
findings were: red count and hemoglobin nor- 
mal but the white blood count was 16,000. 
Urine was entirely normal. The cardiogram 
was unchanged from previous tracings except 
for slight inversion of T; and T,. (Fig. 2.) A flat 
plate of the abdomen was normal. The blood 
pressure was 180/108. 

He was seen by Dr. Herrick at 8 p.m. who 
confirmed the above and suggested a chest 
fluoroscopy and x-ray. These showed a pulsating 
area behind the heart extending from the aortic 
arch to about one inch above the diaphragm 
which pushed the lower esophagus forward and 
to the left. 

Progress of Dissection. 
extremely stormy. The temperature rose rapidly 


His clinical course was 
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tissue. 


Fic. 8. Earlier original dissection into medial plaque with 
replacement by fibrous tissue and endothelialization of 
intima. 


to between 101 and 103°F., where it remained 
until January 15th, the eleventh day of the 
disease. The pulse ranged from 100 to 120, and 
the respirations between 22 and 32 per minute. 
The blood pressure, however, remained ele- 
vated, at no time falling below 184 systolic and 
96 diastolic. The pain was excruciating, neces- 
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sitating very frequent injections of pantopon, 
an average of twelve injections daily for twelve 
days. In addition he was given large doses of 
bromide by rectum and by mouth. 

At eleven o’clock the first night he began to 
hiccough. This continued with only brief remis- 
sion for seven days in spite of everything that 


Fic. 7. Fatty medial plaque replacing muscle Bi 
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could be done. On January 5th, an x-ray plate 
of the chest and abdomen showed a shadow 
extending through the diaphragm about half 
way through the stomach air bubble, suggesting, 
with the hiccough, that the aneurysm had 
become lower, being at about the level of the 
first and second lumbar vertebrae. (Fig. 3.) 
On January 6th and 7th the sclerae became yel- 
low and the urine gave a positive test for bile. 
On the morning of the 7th he complained of 
pain in the epigastrium and that afternoon, 
pain in the region of the left kidney, the latter 
feeling “‘like the old kidney stones” except that 
it did not radiate downward to the groin and 
testis. This left lumbar pain recurred frequently 
during the next three days, (probably the time 
of the left renal artery dissection). By January 
16th the abdominal pain had traveled down to 
the area between the navel and the symphysis 
pubis, and occasionally the feet were very cold. 
On January 24th it was noted in the record, 
“the last two days it has seemed possible to feel a 
slightly tender mass whose outline is very in- 
definite just to the left of the midline midway 
between navel and pubis. No definite pulsation 
is felt, but one wonders whether the dissection 
has extended to the bifurcation of the aorta.” 

By January 25th, the twenty-first day, the 
temperature and respiration had become nor- 
mal and all pain had disappeared. By the first 
of February the pulse was in the seventies and 
remained so until February 11th, the thirty- 
ninth day in the hospital, when he returned to 
his home. He remained quiet there for ten days 
and then went to Florida, it being felt that since 
the prognosis was most grave, he would be 
happier there. His physical activity was greatly 
limited, but he took short automobile rides and 
was contented and entirely free of symptoms. 

Final Rupture into Pericardium. On April 29th, 
115 days after the original accident, after eating 
a large dinner, he rose from the table, walked 
about ten steps, clutched his chest, regurgitated 
a little bright red blood, and died within a 
minute of the onset of pain. The autopsy was 
done by Dr. Robinson, of Fort Lauderdale, 
and the heart and aorta sent to Chicago for 
further examination. (Fig. 4.) 

The essential findings in the autopsy as per- 
formed by Dr. Robinson, ‘“‘The heart was of 
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normal size. The ascending and _ transverse 
arch of the aorta was moderately dilated as 
were the great vessels arising from the arch, to a 
less degree. Just distal to the left subclavian 
artery the antero-medial surface of the aorta 
was adherent to the pleura of the left upper lobe 
of the lung. In this area there was a tear in the 
wall of the aorta, measuring about 5 mm. in 
diameter. The tear was irregular in outline, 
and no evidence of clot formation was present 
on the margins. The aortic wall at this point 
was less than 1 mm. in thickness and was deep 
purplish red in color over an area of 2 cm. in 
diameter. The ecchymotic area was very 
friable. There was also a slit 2 cm. wide and 
1.5 cm. deep in the arch of the aorta completely 
endothelialized. On opening the abdominal 
aorta it was found that the aorta consisted of a 
tube within a tube. (Fig. 5.) The external tube 
had a wall consisting of fibrous tissue and 
was approximately 2 mm. in thickness. The 
internal surface of the outer tube and the ex- 
ternal surface of the inner tube were covered 
with a smooth shining surface. In several places 
there were antemortem thrombi adherent to 
the inner surface of the external tube. The inner 
tube was the aorta, and the two tubes were in 
contact and their walls merged over only a 
narrow area. The circumference of the aorta 
and its caliber were diminished by about 30 per 
cent. (Fig. 6.) The endocardial surface of the 
aorta showed a moderate atherosclerosis. The 
above condition extended as far distally as was 
dissected, that is, into the internal and external 
iliac arteries. 

The posterior surface of the left upper lobe 
of the lungs were adherent to the aorta at the 
site of the rupture. The apex of the left upper 
lobe was firm, non-crepitant and deep purplish 
red in color. This area cut with increased re- 
sistance and the cut surface bled fully. The 
remainder of the lungs were normal.” 

Microscopic examination of the tissues was 
done by Dr. Apfelbach ac the Presbyterian 
Hospital. 

Microscopic sections of the aorta revealed 
multiple medial plaques in which the muscle 
was replaced with fat, often somewhat caseous, 
and fibrous tissue. The earlier beginning dissec- 
tion was seen to have healed over with fibrous 
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tissue. The wall being lined with regenerated 
endothelium. (Figs. 7 and 8.) 

The coronary arteries and the myocardium 
were normal. 


COMMENTS 


A case of dissecting aortic aneurysm has 
been presented in which it was possible to 
trace the dissection through the various 
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branches of the aorta. This patient had had 
an earlier beginning dissection which at 
the time was thought to be a somewhat un- 
usual coronary occlusion. 
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Acute Thrombocytopenic Purpura 


Complicating Rubella’ 


Major Harorp S. GINnsBERG and JOHN M. WILSON 
New York, New York 


HROMBOCYTOPENIC purpura is an 
unusual, but not rare, complication 
of many acute 

however, it has seldom been described as 
being associated with rubella. In the past 
few years interest in German measles has 
been stimulated by the high incidence in 
the armed forces and because of the large 
epidemic in Australia. 

During the winter season of 1945 to 1946, 
at the Regional Station Hospital, Fort 
Bragg, North Carolina, we have observed 
two cases of thrombocytopenic purpura 
associated with rubella which are worthy of 
report in order to emphasize the occurrence 
of this complication. The blood picture of a 
small group of eleven consecutive patients 
with this disease has been studied in order 
to determine if there is a depression of 
platelets in the peripheral blood of these 
patients and the findings are recorded and 
discussed. 


CASE REPORTS 


Cas—E 1. A_ twenty-two year old, white 
soldier (W. B.) was admitted on February 6, 
1946, because of fever, slight malaise and a rash 
on his face, neck and body of eight hours’ dura- 
tion. There were no symptoms of an acute upper 
respiratory infection. No drugs had been taken. 

The physical examination on admission re- 
vealed a soldier in no acute distress with a tem- 
perature of 100.2°F., a pulse rate of 100 per 
minute, respiratory rate of 22 per minute. There 
was a fine, pink maculopapular rash over the 
face, neck and trunk. Marked occipital and 
postauricular lymphadenopathy was present. 


There were no Koplik spots seen. The laboratory 
studies of the peripheral blood and urine were 
within normal limits. 

No drugs were administered. The rash began 
to fade rapidly and the temperature returned 
to normal the day following admission. On 
February 8th, the rash had entirely disappeared 
and the patient was asymptomatic. A spontane- 
ous epistaxis occurred on the evening of Febru- 
ary 9th, and it was found to be very difficult to 
stop by the usual methods. The following day 
bleeding from the nose recurred and at that 
time many purpuric lesions averaging 2 to 3 mm. 
were seen over the entire body and extremities. 
Further examination revealed spongy, bleeding 
gums. A tourniquet test was markedly positive. 
Laboratory investigation showed the platelet 
count to be 4,000 per cu. mm.; red blood count 
of 4,800,000 per cu. mm.; a hemoglobin of 90 per 
cent (Newcomer) and a normal white blood cell 
count and differential. In determining the 
bleeding time it became necessary to apply 
pressure over the puncture wound after thirty 
minutes, due to the profuse bleeding; oozing 
from this wound still occurred twenty-four hours 
later. The clotting time was four and one-half 
minutes and the venous blood clot did not retract 
at all in twenty-four hours. The prothrombin 
time was normal. 

A blood transfusion of 500 cc. of fresh, whole 
blood was given without reaction. There was no 
elevation of the blood platelets noted following 
this transfusion. Large doses of vitamin C were 
given parenterally each day. 

The patient continued to have marked bleed- 
ing from his gums as well as severe nose bleeds 
which were not successfully controlled by nasal 
packs with ephedrine. Hemostatic globulin was 
used on nasal packs commencing February 12th, 


* From The Medical Service, Regional Station Hospital, Fort Bragg, N. C. 
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with apparent benefit. There were no further 
nose bleeds but minimal bleeding from the gums 
continued until February 14th, at which time 
the mucous membranes began to appear 
healthier. A blood transfusion of 500 cc. was 
given on February 17th because of the patient’s 
anemia and clinical weakness. The patient 
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minute and the respirations were 20 per minute. 
A generalized, red, morbilliform rash was noted 
on the face and body. The posterior cervical and 
occipital lymph nodes were markedly enlarged. 
Koplik spots were not present. The laboratory 
studies of the peripheral blood and the urine 
were normal on admission. 


TABLE I 


LABORATORY DETERMINATIONS IN 


TWO CASES OF THROMBOCYTOPENIA PURPURA 


| Platelets 
| per Cu. Mm. 


Bleeding 
Time 


| 


| | 
Hemoglobin 
| Red Blood 

Cells | (Newcomer) 


Per Cent 


Tourniquet 
Test 


Clotting 
Time 


| 
| 


| 
| 
| 


4,000 30 minutes * 


February 10 | 
| 14,000 


0 
February 11 
February 12 
February 13 
February 14 | 
February 15 | 
February 16 | 
| February 19 | 
| February 20 | 
February 21 | 
February 23 | 
February 25 | 
March4 
March 8 | 


18,000 
10,000 
21,000 
13,000 
86,000 
132,000 
122,000 
118,000 
120,000 | 
132,000 | 
184,000 | 
290,000 | 314 minutes 


March 25 11 minutes 
March 26 
March 27 


| 80,000 

| 
March 30 | 

| 


126,000 
127,000 


210,000 4 minutes 


| 
| 
| 


4,800,000 | 
4,300,000 | 
3,950,000 | 
3,850,000 
2,820,000 
3,500,000 
3,900,000 
4,260,000 


416 minutes 


1g 


minutes 


3,920,000 
4,650,000 
4,820,000 
4,480,000 
4,570,000 


4 minutes | Negative 


419 minutes | 4,560,000 
| 80 
90 


4,180,000 
4,840,000 | 
| 


Negative 


* Pressure applied after thirty minutes due to profuse bleeding. Oozing from puncture wound still taking place 


twenty-four hours later. 


gradually improved; the purpura had entirely 
disappeared by February 20th, and the gums 
appeared normal at that time also. The soldier 
was returned to full duty on March 11th. The 
laboratory findings were normal on discharge. 
(Table 1.) 

CasE u. This eighteen year old, white 
soldier (H. O.), was admitted to the communi- 
cable disease ward of The Regional Station 
Hospital on March 23, 1946, complaining of 
fever, malaise and a rash over his face and body 
of twenty-four hours’ duration. There were no 
symptoms of an acute respiratory infection. No 
drugs had been taken. 

The physical examination at that time re- 
vealed a well developed, well nourished, white 
male who did not appear to be acutely ill. The 
temperature was 102.8°r., pulse was 92 per 
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The patient rapidly became asymptomatic 
and his rash began to fade on the second hospital 
day. No drugs were administered. Three days 
following admission many small purpuric lesions 
averaging 1 mm. in diameter were noted over 
his entire body. At this time, he was found to 
have a markedly positive tourniquet test, a 
platelet count of 80,000 per cu. mm., ‘bleeding 
time of 11 minutes, clotting time of 444 minutes 
and poor clot retraction at 24 hours. The 
patient showed no evidence of spongy gums, 
epistaxis or other bleeding tendencies. At this 
time he was afebrile and the temperature did 
not become elevated during the remainder of 
his hospital stay. The following day the platelet 
count was 26,000 per cu. mm.; the daily changes 
are noted in Table 1. By March 29th, the pur- 
puric rash had faded markedly and only minute 


= 
| | | | 
| 
++++ 
80 | 
51 
59 
| 70 ++ 
80 
90 
95 
90 
Il 
| | | | | | 
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areas of pigmentation remained. On March 31st, 
the patient showed no further evidence of a rash, 
he was asymptomatic and returned to full duty 
on the following day. 


PLATELET COUNTS IN ROUTINE CASES OF 
RUBELLA 


Material. Eleven consecutive patients 
with rubella were carefully studied by means 
of platelet counts, red blood cell and white 
blood cell determinations and tourniquet 
tests. Bleeding and clotting times were per- 
formed on patients having lowered platelet 
counts. 

Methods. Platelet counts were done by 
the direct Thorndike method. The bleeding 
time was determined by means of the Duke 
method and the coagulation time by the use 
of glass capillary tubes. The tourniquet tests 
were performed by counting the number of 
petechiae in an area 2.5 cm. square and 4 
cm. below the antecubital fossa after leaving 
the blood pressure cuff inflated for fifteen 
minutes mid-way between the patients’ 
systolic and diastolic blood pressures. Nor- 
mally no more than ten spots should appear 
five minutes after the pressure is released. 

Results. In three instances the number of 
platelets in the peripheral blood was 
definitely diminished and in one (Case m1) 
the diminution was marked. (Table 1m.) 
This patient also showed a markedly 
positive tourniquet test, this being the only 
one positive in the entire series. ‘The bleeding 
time in this patient was 6 minutes and the 
clotting time 214 minutes when the throm- 
bocytes were at the lowest point. After the 
number of platelets had returned to normal 
the tourniquet test was negative and the 
bleeding time was 3!4 minutes. 


COMMENTS 


Dunlap in 1871,* described a case of 
purpura associated with German measles. 
This was soon followed by similar reports 
by Cheadle,” Erskine* and Glaister.> These 
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authors all described instances of purpura 

having its onset soon after the fading of the 

rubella rash, but the description of the 

laboratory findings was meager. Pitten'® 

and Gunn‘ each reported an instance of 

rubella complicated by thrombocytopenic 
TABLE I 


PLATELET COUNTS AND TOURNIQUET TESTS ON ELEVEN 
CONSECUTIVE CASES OF RUBELLA 


Platelet Counts 


| Tourniquet Test 
on Admission 
| Admis- 


| 
} 


Third Sixth 
Hospital| Hospital 
— Day Day 


| 278,000 
250,000 
| 88,000 
| 198,000 
| 334,000 
| 123,000 
| 311,000 
| 265,000 
| 311,000 
| 131,000 
| 351,000 


249,000 
272,000 
204,000 
260,000 
300,000 


250,000 | Negative 
Negative 
Markedly positive 
Negative 
Negative 
Negative 
Negative 
250,000 | Negative 
309,000 | Negative 
220,000 | Negative 
301,000 | Negative 


302,000 
248,000 
320,000 


307,000 


purpura of a mild degree, manifesting the 
typical blood findings of thrombocytopenia, 
prolonged bleeding time, normal clotting 
time and diminished clot retraction. Warren 
et al.,'’ reported two cases demonstrating 
both renal and intestinal bleeding, in addi- 
tion to purpura, epistaxis and gingival 
bleeding. 

Thrombocytopenic purpura has_ been 
associated with measles more commonly 
than with rubella*?°'*?® and similarly with 
many other acute infections, such as vari- 
cella,'® infectious acute 
upper respiratory infections,* lobar pneu- 
monia® and acute sinusitis. 

Olef® has demonstrated by a careful study 
that thrombocytopenia may occur during 
the initial stage of many acute infections. It 
therefore seerns reasonably clear that the 
thrombocytopenia occasionally associated 
with rubella may be regarded as an example 
of this non-specific reaction. 
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The exact mechanism of the occurrence of 
this phenomenon is unknown but it is be- 
lieved to take place in one of several ways. 
Olef® attributed the thrombocytopenia in 
acute infections to the clumping of the 
platelets around the invading organisms as 
a means of overcoming infection by the 
body. McLean et al.,* reported purpura 
occurring six to nineteen days after the 
onset of the acute infection and suggest the 
possibility that the thrombocytopenia may 
be an allergic manifestation particularly 
affecting the megakaryocytes in the bone 
marrow. Patek!® likewise is of the opinion 
that the decreased number of platelets in 
the peripheral blood may be the result of an 
allergic or hypersensitive state. The produc- 
tion of thrombocytopenia in acute infections 
may be a manifestation secondary to in- 
creased capillary permeability in which the 
platelets are diminished in number, helping 
to reinforce the weakened vessel walls.'%1!16 

It seems reasonable to assume that the 
thrombocytopenia may be brought about 
by a direct depression of platelet formation 
in the bone marrow by the infectious agent, 
the megakaryocytes being normal in num- 
ber.'® Purpura may then occur due to a 
combination of the lack of platelets to plug 
defects in the walls of injured capillaries and 
the increased bleeding time. 

The treatment of thrombocytopenic pur- 
pura complicating an acute infection should 
be one of conservatism. Complete bed rest 
is essential. Measures should be taken to 
stop bleeding from the nose. Hemostatic 
globulin used on nasal packs appeared to be 
effective in stopping the epistaxis in Case 1. 
Bleeding gums will rarely be of sufficient 
severity to cause great concern. Hemorrhage 
from the urinary or gastrointestinal tract is 
much more difficult to manage and usually 
all efforts are useless until a spontaneous 
remission occurs. Transfusions are of value 
if the blood loss is sufficient to necessitate 
them; they are of no value in either increas- 
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ing the platelet count or diminishing the 
bleeding time. Ascorbic acid’ may be of 
value because of the increased capillary 
fragility, but there is no evidence to make 
one believe that vitamin K is beneficial. 
Splenectomy is unnecessary in most in- 
stances and it is doubtful if such a procedure 
is ever justified in thrombocytopenic pur- 
pura resulting as a complication of an acute 
infection. This operation, at least, should cer- 
tainly be reserved for those patients having 
fulminating, uncontrollable hemorrhages. 


SUMMARY 


1. Two cases of thrombocytopenic pur- 
pura complicating rubella are reported. 
In Case 1 the purpura was noted the third 
day after the onset of the illness and about 
thirty-six hours after the disappearance of 
the rash of German measles. In Case 11 the 
purpura appeared on the fourth day of 
illness and at a time when the primary rash 
had almost completely disappeared. 

2. Platelet counts and tourniquet tests 
were performed on eleven consecutive pa- 
tients with rubella, three of whom revealed 
an initial lowering of the platelets. One of 
these patients had a moderate thrombocy- 
topenia, a markedly positive tourniquet test 
and a prolonged bleeding time. 

3. The theoretical mechanisms of this 
phenomenon were discussed. 

4. The treatment of thrombocytopenic 
purpura complicating acute infections should 
be directed toward controlling the hemor- 
rhages and treating the resulting anemia. 
Recovery occurs spontaneously within a few 
days in most instances, and splenectomy is 
probably never necessary. 
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Fulminating Meningococcemia with 


Gangrene 


Lizut. ALBERT C. Bropers, Jr. and ALBERT M. SNELL, M.D.T 


Medical Corps, United States Naval Reserve 


INCE the publication of Herrick’s clas- 
sical report,’ an increasing amount 
of attention has been paid to the 
bacteremic features of infection with Neis- 
seria intracellularis.? It is now generally 
believed that in 10 to 35 per cent of systemic 
invasions by this organism, the meninges 
are not involved at the time the initial 
diagnosis is made. The higher incidence of 
bacteremia without meningitis probably 
represents only the fact that in more cases 
the diagnosis is being made earlier. Acute, 
subacute or chronic forms of meningococcic 
septicemia have been described, ranging in 
severity from a mild and relatively innoc- 
uous disease to a fulminating and highly 
fatal one. The latter type, often referred to 
as the Waterhouse-Friderichsen syndrome, 
is usually so rapidly fatal that relatively 
few clinically demonstrable complications 
have been recorded. However, with the 
advent of such specific therapeutic agents 
as the sulfonamide drugs and penicillin, 
more patients are surviving, even though 
they may have had infections of an ex- 
tremely malignant type. Consequently, 
some cardiovascular complications are 
being observed. 
It is the purpose of this paper to report 
a case of fulminating meningococcemia with 
gangrene of the lower extremities. This 
complication appears to be something of a 
rarity; at least, it is not described in recent 
reports* ° of large groups of cases recorded 
from army training camps. Herrick men- 


Rochester, Minnesota 


tioned one case, but did not give any 
details; Bernstein’ reported a case of men- 
ingococcic meningitis with peripheral gan- 
grene, and Hayes and Whalen® also 
reported a case in which most of the char- 
acteristics of the Waterhouse-Friderichsen 
syndrome were presented, with bilateral 
gangrene of the toes and multiple zones 
of cutaneous gangrene. Their patient re- 
covered, as did Bernstein’s and ours, after 
treatment with penicillin and sulfonamide 
drugs. 


CASE REPORT 


An eighteen year old seaman was admitted to 
a naval hospital on November 13, 1945, in a 
disoriented condition, with a temperature of 
100°F. (37.7°c.). On admission, he complained 
principally of chills, sore. throat, headache, and 
extremely painful legs and toes. He had suddenly 
been prostrated by a severe chill the evening 
before while at work, and at that time had 
noticed severe pain in his feet. Results of physical 
examination were essentially negative, except 
for extensive purpuric and ecchymotic lesions 
over the dorsa of his hands and over the dorsal 
and plantar surfaces of both feet; a few scattered 
purpura were seen on other areas of his body. 
The feet were cold, blue and hypersensitive, and 
there was unmistakable evidence of interference 
with arterial circulation. There was neither evi- 
dence of meningeal irritation nor signs of shock 
or vascular collapse; the blood pressure remained 
consistently within normal limits. 

A diagnosis of acute meningococcemia was 
made. The patient was immediately given an 
initial dose of 4 Gm. of sulfadiazine; thereafter, 


* From the Division of Medicine, Mayo Clinic, Rochester, Minn. 
+ Formerly Captain, Medical Corps, United States Naval Reserve. 
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he received 1 Gm. every four hours. Subse- 
quently, a dose of 30,000 units of penicillin was 
ordered to be administered intramuscularly 
every two hours. * 

Lumbar puncture revealed that the cerebro- 
spinal fluid was clear and colorless and that the 
pressure was 240 mm. of water. The number of 
cells and protein content were normal. Leuko- 
cytes numbered 28,000 per cu. mm. of blood. The 
erythrocyte count and results of the Kahn test 
were normal. The sedimentation rate of erythro- 
cytes was 30 mm. in one hour (modified Cutler 
method). Culture of material from the throat 
produced Neisseria intracellularis. Culture of 
specimens of blood and material from blebs 
produced the same organism, type mu A. The 
organism exhibited complete sensitivity to 0.5 
units of penicillin per cc. of culture medium. 
Results of laboratory procedures including the 
prothrombin time, bleeding time, clotting time, 
icterus index, determination of blood urea 
nitrogen, and urinalysis were all within the 
range of normal. A roentgenogram of the thorax 
showed no abnormalities. 

The subsequent clinical course of this patient, 
although generally satisfactory, revealed that 
the infection was somewhat refractory to treat- 
ment. The patient continued to have daily 
elevations of temperature, in spite of the use of 
increased doses of penicillin administered in- 
travenously and continued sulfadiazine therapy. 
The administration of sulfadiazine was tem- 
porarily discontinued on the sixth hospital day 
in the belief that it might have been the cause 
of the continued pyrexia. The administration of 
penicillin was continued in the interval. This 
procedure proved to have no effect on the tem- 
perature curve. On November 16th (three days 
after admission of this patient), results of a 
routine electrocardiogram were within normal 
limits and those of examination of the heart were 
objectively negative. Three days later, gallop 
rhythm developed, and a _ blowing systolic 

*Since this article was submitted for publication 
we have found three additional references to patients 
with meningococcemia and gangrene, one in 1917 and 
two recent ones in 1946 and 1947. In the two latter 
subjects there was extensive gangrene requiring ampu- 
tation of the lower extremities. One patient required 
skin grafting for areas of cutaneous gangrene while the 
other lost portions of his fingers. This brings the total 


number of such patients now on record to seven. Refer- 
ences are appended on the bibliography (12, 13 and 14). 
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murmur was heard at the apex cordis, with 
decreased intensity of both the first and second 
sounds. At the base, the murmur was greatly 
diminished in intensity and the pulmonic second 
sound was accentuated. This was tentatively 
interpreted as evidence of acute myocarditis and 
possibly of acute endocarditis. Results of the 
electrocardiogram remained normal, however, 
and by November 20th the gallop rhythm had 
disappeared and the systolic murmur was 
greatly diminished in intensity. Between Novem- 
ber 26th and December 2nd, the patient was 
afebrile. On November 30th, the use of all 
specific medications was discontinued. On 
December 2nd, the fever returned and on 
December 6th, the temperature reached 102°r. 
(38.8°c.). The administration of both penicillin 
and sulfadiazine was resumed and the patient 
became afebrile on December 10th. Results of 
culture of specimens of blood were negative 
during this episode, and no new purpuric lesions 
appeared. 

The circulation of the patient’s feet continued 
to show evidence of inadequacy, which seemed 
to increase rather than decrease. Moderate 
edema developed in both feet, and the ecchymotic 
lesions of the feet and toes persisted. Pulsations 
of the posterior tibial arteries remained normal, 
but pulsations of the dorsalis pedis artery could 
not be felt in either foot. No new areas of 
ecchymosis appeared, but edema, bluish dis- 
coloration and coldness persisted and a red line 
of demarcation gradually made its appearance. 
(Fig. 1.) At no time was there objective evidence 
of peripheral neuritis or of caudal myelitis, con- 
ditions which have been described as complica- 
tions of meningococcic infections. By November 
21, 1945, the distal portion of the right great toe 
and the great second and third toes on the left 
foot had become definitely gangrenous. Block 
of the periarterial sympathetic fibers with 
procaine hydrochloride was attempted at one 
time, in the hope that this would arrest the 
gangrenous process, but the procedure proved to 
be of no avail. The gangrenous parts were kept 
at complete rest under a heat cradle, with 
frequent changes of warm moist antiseptic packs. 
Although low-grade fever persisted, with occa- 
sional increases in temperature after December 
10th, the general condition of the patient 
gradually improved. On December 19, 1945, all 
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A 


Fic. 1. A, appearance of patient’s ankles; B, plantar surfaces during the third week of 
illness, showing gangrene and ecchymotic regions. (Official United States Navy draw- 
ing, courtesy United States Naval Hospital, Oakland, California.) 


gangrenous toes were removed surgically. The 
patient improved rapidly thereafter and, after 
plastic repair of the distal portions of the feet, he 
was dismissed in good general health, with only 
minor impairment of his gait. 


COMMENT 


Although acute meningococcemia fre- 
quently may be explosive in onset, at times 
it is characterized by a paucity of symptoms 
and a relatively mild course unless men- 
ingeal involvement occurs. An erythematous 
or purpuric rash, myalgia, arthralgia, fever 
and chilling usually are present, and there 
may also be nausea and vomiting, headache 
and sore throat. The spleen is sometimes 
palpable. In many cases a subacute form 
of the disease superficially resembles acute 
rheumatic fever. When the disease is milder, 
the prognosis is not unfavorable, barring 
the appearance of endocarditis or menin- 
gitis. In some cases recovery without medi- 
cation has occurred; three such cases in 
which the patients were children have been 
reported by Silverthorne. 

It is,of interest that in Bernstein’s case, 
in Hayes and Whalen’s case, and in the 
case we have reported, evidence of definite 
vascular occlusion involving the toes ap- 
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peared within the first twenty-four hours 
after the onset of symptoms. Our patient 
complained of cold, painful feet and toes 
as an initial symptom, and although the 
pain subsequently diminished, the inter- 
ference with circulation persisted and was 
of sufficient magnitude to lead to gangrene. 
In Bernstein’s case, causalgia involving one 
arm was a prominent and prolonged feature; 
but arterial involvement of the arm was not 
noticed. 

Although the cause of gangrene in men- 
ingococcic septicemia has not been definitely 
established, Bernstein has postulated that it 
is a trophic disturbance based on a common, 
widespread, vascular lesion, embolic or 
autochthonous, or on a peripheral vaso- 
spasm caused by a toxin produced by the 
invading organism. It is not difficult to 
believe that the symmetric lesions in our 
case could have been caused by bacterial 
emboli involving the distal distribution of 
the dorsalis pedis arteries. 

In our case, there was no good ‘reason 
to consider the possibility of an associated 
endocarditis. Although meningococcic myo- 
carditis, associated with endocarditis, has 


been recorded in a small number of cases,’ 
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a search of the literature reveals only seven- 
teen cases of meningococcic endocarditis 
and twelve of myocardial involvement, 
usually with fatal termination. Holman and 
Angevine‘ recently have reported two such 
cases of myocarditis; in one the myocarditis 
was proved at necropsy and in the other it 
was disclosed by serial electrocardiograms. 
In our case, myocarditis and bacterial endo- 
carditis were at one time suspected, although 
never definitely proved. Once treatment 
had been instituted, results of all subsequent 
cultures of specimens of blood were negative, 
and signs and symptoms referable to the 
heart rapidly disappeared. 

Among the three types of Neisseria intra- 
cellularis, types 1, 1 and m1 4, there has been 
reported no appreciable variance of viru- 
lence; there has been, however, evidence 
that strains of type 11 may be found more 
commonly in the presence of endemic men- 
ingococcic septicemia, whereas strains of 
type 1 predominate during epidemics of the 
disease (Thomas).* At times, no organism 
can be demonstrated during life, even when 
fulminating meningococcemia is present. 
Martland,'! in a series of nineteen such 
cases, reported that the meningococcus was 
recovered from the blood in only two; many 
of his patients were found dead or died soon 
after admission to hospital, however, and 
the diagnosis was made at necropsy. 
Neisseria intracellularis, type 1, is by far 
the most prevalent organism in acute men- 
ingococcemia; it occurs in about 90 per 
cent of cases. Type 11 A is present in 8 per 
cent of cases, and type u is the offending 
organism in less than 3 per cent. As has 
been stated, Neisseria intracellularis, type 
II A, was recovered from our patient by 
culture of both specimens of blood and 
material from blebs. In spite of observed 
sensitivity to penicillin in vitro, the organism 
appeared to be resistant to treatment, as 
shown by the prolonged illness and per- 
sistently febrile course of the patient. 

This case suggests that more attention 


Meningococcemia—Broders, Snell 


should be paid to the status of the peripheral 
vessels of patients who have fulminating 
meningococcic sepsis and, furthermore, that 
the possibility of the presence of embolic or 
vasospastic lesions elsewhere in the body 
deserves serious consideration in all cases 
of this type. 
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Salicylates in the Prevention of 


Erythroblastosis Fetalis’ 


CHARLES E. McLENNAN,{ M.D., B. V. JAGER, M.D. and G. A. MATSON, Ph.D. 
Salt Lake City, Utah 


RECENT editorial in The Journal of 
the American Medical Association! 
suggested that Homburger’s study” 

of the ability of sodium salicylate to inhibit 
anti-Rh immunization in animals ‘“‘may in 
time result in the development of a practical 
method for the prevention of erythroblasto- 
sis fetalis.’ While Homburger did not 
suggest salicylate prophylaxis for erythro- 
blastosis fetalis in man because of the known 
toxicity of salicylates, the previous experi- 
ence of one of us** indicated that this 
should be a safe procedure if plasma salicy- 
late levels did not exceed 400 to 500 micro- 
grams per cc. Since the appearance of 
a suitable patient coincided with the 
publication of the above mentioned edi- 
torial, we proceeded with a trial of salicylate 
prophylaxis. 
CASE REPORT 

Mrs. M. D., a thirty year old nurse, para 1, 
gravida 3, had a severe blood transfusion reac- 
tion following a thoracic operation in May, 
1942, and a second severe reaction in July, 
1943, following a transfusion given at the time 
of a spontaneous abortion. She promptly became 
pregnant again and at an army hospital was 
delivered at term in May, 1944, of a stillborn, 
hydropic, female infant weighing 3,350 Gm. 
The patient claimed that an autopsy on this 
infant showed lesions characteristic of erythro- 
blastosis. Postpartum, it was determined that 
the patient was Rh negative and her husband 
Rh positive. Despite the use of a vaginal oc- 
clusive diaphragm the patient became pregnant 
again and presented herself for management in 


June, 1946. The last menstrual period had 


begun on March 6, 1946. The physical exami- 
nation revealed a slender, white female weighing 
111 pounds, height 62 inches, blood pressure 
125/70, with uterine enlargement correspond- 
ing to a gestation of fourteen to fifteen weeks’ 
duration. Blood samples from both patient and 
husband gave the following reactions: 


Group A, MN, Rh negative, Hr’ 
positive 

No agglutinating Rh antibodies 

Blocking antibody titer 1:8 

Husband: Group A, MN, Rh», Hr’ positive 


Patient: 


It was not possible to determine whether the 
husband was homozygous or heterozygous with 
respect to the Rh factor,® since no Hr’’ serum 
was available for determination of genotype. 

On June 17, 1946, the patient was started on 
a course of sodium salicylate, 8 Gm. daily in 
four doses and this was subsequently increased 
to 10 Gm. daily. The medication was continued 
for a period of twenty weeks or until delivery on 
November 7, 1946. Because of minor symp- 
toms of salicylate intoxication the patient did 
not take the prescribed dosage regularly. 
Plasma salicylate levels (method of Brodie 
et al.,°) and Rh antibody titers during therapy 
were as shown in the table on page 662. 

At no time were any agglutinating antibodies 
found in the maternal blood. Although tae fall 
in blocking antibody titer starting the twenty- 
fourth week of pregnancy might have suggested 
that salicylates were interfering with antibody 
production, the outcome indicated a therapeutic 
failure. Fetal movements ceased on November 
6th, in the thirty-fifth week of gestation and a 
macerated, stillborn, female infant weighing 


* From the I. oartments of Obstetrics and Gynecology, Medicine, and Bacteriology, University of Utah School 


of Medicine, Salt Luke City, Utah. 
+ Present address San Francisco, Calif. 
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2,440 Gm. was delivered on November 7, 1946, 
after a labor ef six hours. Autopsy on the infant 
confirmed the suspicion of erythroblastosis 
fetalis, with characteristic findings in the liver, 
spleen, lungs, brain and placenta. The salicylate 
level in serous fluid from the fetal abdomen was 


Salicvlate Level | 
alicylete Level | Antibody Titer 


Date | (micrograms (against Rho Cells) 


8/26/46 
9/9/46 | 
9/17/46 | 
9/26/46 | 
10/2/46 
10/9/46 
10/17/46 
10/25/46 
11/4/46 


174 micrograms per cc. No blood could be 
obtained from the fetus, although cardiac 
puncture was attempted at the moment of birth. 
The mother made an uneventful recovery and 
was discharged on the fifth postpartum day. 
Thirty hours after delivery there were no Rh 
antibodies in the maternal serum, but on the 
tenth postpartum day blocking antibodies were 
present in a titer of 1:4 and a month later the 
titer was 1:32. 


Erythroblastosis Fetalis—McLennan et al. 


CONCLUSIONS 


While the results of salicylate prophylaxis 
in this instance were disappointing we 
would not suggest the procedure be aban- 
doned. Despite the difficulties of salicylate 
therapy we believe that it should be given 
further trial, beginning earlier in pregnancy 
and attempting to maintain higher blood 
levels of salicylate than were obtained in 
this patient. Certainly no other “rational” 
measure can be offered at present to the 
sensitized Rh negative mother who is eager 
to bear a normal child, unless the use of Rh 
haptens as suggested by Calvin, Evans, et 
al.? can be made clinically applicable. 
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An enhanced therapeutic action 

with a minimum of the unpleasant side effects 
commonly associated with antihistaminic drugs has 
been observed following the use of 


HYDRYLLIN 


Hydryllin combines: 


DIPHENHYDRAMINE* 


widely accepted as an effective 


histamine antagonist 
AMINOPHYLLIN 


smooth muscle relaxant, with a selective action 


in relieving bronchial muscle spasm. 


Hydryllin is indicated in allergic disturbances— 


SEARLE urticaria, hay fever, allergic rhinitis with 


RESEARCH or without bronchial asthma, bronchial asthma, 
IN THE SERVICE drug allergies and atopic and eczematous dermatitis. 


OF MEDICINE 


*Diphenhydramine is the name adopted by the Council on Pharmacy 
and Chemistry of the American Medical Association for 8-dimethylaminoethy! 
benzohydry! ether. 


ARLY relief from pain marked by a 

gradual regression of the lesion was 

obtained by Eisenstein and Bendo! 

in the treatment of chronic pelvic 
inflammatory disease, with benzyl cinna- 
mate ester (JACOBSON’S* SOLUTION). 
Bi-manual examination following the 
prescribed twelve intramuscular injec- 
tions revealed in each case partial or 
complete resolution of the pelvic mass. 
The cases selected for this study were 
previously resistant to other types of 
‘therapy; were ambulatory and received 
no other treatment. 


An earlier published report? makes the 
observation that injections of benzyl cin- 
namate solution modify chronic inflam- 
matory lesions (produced by various 
pathogenic agents) and promote the ab- 
sorption of necrotic tissue. 


Treatment with JACOBSON’S SOLUTION 
does not require hospitalization or inter- 
ruption of daily routines. Optimal results 
are obtained upon a daily 1I-cc. intra- 
muscular injection, preferably into the 


PAINLESS THERAPY 
IN CHRONIC SALPINGITIS 


gluteus maximus, for twelve consecutive 
days. When this procedure is not feasible, 
a minimum of three 1-cc. injections per 
week should be administered. Additional 
injections when required may be given 
after a rest period of ten to fifteen days. 
JACOBSON’S SOLUTION is nontoxic, well 
tolerated, and painless upon injection. 


JACOBSON’S SOLUTION 


FOR INTRAMUSCULAR INJECTION ONLY 


is available through all prescription phar- 
macies and physicians’ supply houses, in 
boxes containing 12 and 50 I-cc. am- 
pules. Literature and detailed information 
will be sent to physicians on request. 


1. Eisenstein, M. 1., ond Bendo, G. J.: Am J. Surg. 
74:200 (Aug.) 1947. 


2. Jacobson, J.: Bull. et mém. Soc. med. d hép. de Paris, 
Seance du 19 avril 1929, Num. 13. 


*Exclusive trademark of E. Fougera & Co., Inc. 


Sole Distributors in the U.S.A. 


E. FOUGERA & CO., INC. 


75 VARICK ST., NEW YORK 13, N. Y. 
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PAR-PEN provides: 
1. Potent antibacterial action 
2. Rapid and prolonged vasoconstriction 
3. Therapeutically ideal pH 
4. Wide margin of safety 


Smith, Kline & French Laboratories, Philadelphia 


the penicillin-vasoconstrictor 
combination 


» 
‘ 
J 
a Par ? er ; 
x 


Occupies the same 
space and replaces the 
standard examining 
table 


PROFESSIONAL EQUIPMENT COMPANY 
615 S. Peoria St., Chicago 7, Illinois 


Gentlemen: Your representative may ar- 
range for a PROFEXRAY demonstration in 
my office. No obligation. 


Name 


Address 


for every physician... 


profexray Table Combination 
RADIOGRAPHIC AND FLUOROSCOPIC UNIT MODEL TC2 


Patents Pending 


$ F. O. B. CHICAGO 
Patterson Type B-2 10 x 12 Fiuoroscopic 
Screen included without additional cost. 
Optional extras: Cassette and grid tray; 
examining table pad; heel stirrups. 


This brilliantly designed new unit enables the physician to 
make full use of X-ray techniques within his own office. The 
unit, as pictured, is completely self-contained. It comprises 
a radiographic unit including the X-ray table, a fluoro- 
scopic unit, a standard examining table, a built-in control 
unit, and ample storage space for unexposed film. Many 
design innovations provide for utmost convenience in use. 


Like other PRoFEXRAY units, the new Table Combination 
provides ample power and penetration to secure diagnostic- 
ally excellent radiographs of skulls, chests, spines, ex- 
tremities and articulations. The same versatile unit may 
be used to make the most complete fluoroscopic examination. 


No floor rails, no special construction, .no special wiring or 
power supply are required. The unit is shock-proof and ray- 
proof. A factory trained representative provides detailed 
instruction in its automatic operation. You are invited to 
request an office demonstration of PROFEXRAY . . . without 
assuming any obligation. 
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hloride 
KAPSEALS® 


50 we week The results of a recent survey of the clinical use of 
in bottles of 100 Benadryl (diphenhydramine hydrochloride) in 2665 
and 1000. patients are shown in the accompanying table. 


The efficacy of this new. antihistaminic 
is also attested to in over 150 reports 
_ published in the medical literature. 


ELIXIR 
10 mg. in each 
teaspoonful, in pints 
and gallons. 


Ginicat Entity 


URTICARIA 
VASOMOTOR RHINITIS 
ECZEMA 

HAY FEVER 

ASTHMA 

MIGRAINE 


ANGIONEUROTIC EDEMA 
CAPSULES ATOPIC DERMATITIS 


25 mg. each, PRURITUS 
in bottles of ERYTHEMA MULTIFORME 
100 and 1000. DERMOGRAPHIA 
FOOD ALLERGY 

CONTACT DERMATITIS 
PHYSICAL ALLERGY 
REACTIONS—ANTIBIOTIC 
REACTIONS—DRUGS 
REACTIONS—BIOLOGICS 
DYSMENORRHEA® 


TOTALS 2116 7 a 79.39 


THERAPEUTIC RESULTS WITH BENADRYL IN 2665 PATIENTS 


*those cases due to histamine-induced spasm of smooth muscle. 


hydrochloride 
ace 


PARKE, DAVIS & COMPANY, DETROIT 32, MICHIGAN “ex 
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No % Showing 
Patients Satisfactory | Questionabic Benefit Improvement 
pa 166 692 58 90.3 
349 268 19 16.7 
128 9 42 61.7 
425 350 39 82.4 
435 275 153 63.2 4 
73 4 24 65.7 
54 rT; ? 85.2 
66 42 23 63.6 
24 18 b 75.0 
28 22 78.6 
20 15 5 75.0 
37 32 5 86.5 
63 49 M4 771.7 
7 4 63.6 
84 81 2 96.4 
4 42 4 91.3 
12 12 100.0 p 
“4 38 6 86.3 


The years melt away 


( as the years always do ) 


As your years dwindle down—as everybody's 
must—you’ll need more than affection and 
companionship. 

You'll need a place to live and food to eat. 
Which means you—not the family next door, 
but you—will need money. 

There’s only one way for most of us to get 
money—that’s to save it. 

And for most of us, too, the best way to save 
money is through U. S. Savings Bonds. 

Because U. S. Savings Bonds are the most 
easily available investment. Every bank sells 
them. Every post office sells them. 

AND —which is most important -you can buy 
them regularly and automatically... which helps 
overcome human inertia and reluctance to save. 


To do so, you just sign up for the Payroll 
Savings Plan where you work, or for the Bond- 
A-Month Plan at the bank where you have a 
checking account. Then they really pile up. 

Of course, there are other reasons for buying 
U. S. Savings Bonds. 

They’re SAFE. Backed by the credit of the 
United States, that’s all. 

They're PROFITABLE. You get 4 dollars out 
for 3 put in, after 10 years. 

They're LIQUID. Like water. You can get your 
cash out of them at any time. . . in a few min- 
utes .. . without penalty. 

Remember those words “melt away.” They 
say better than a volume of statistics that you 
have less time than you think, to save. 


Save the easy, automatic way...with U.S. Savings Bonds 


Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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EFFECTIVENESS OF CHLOROPHYLL 


in the treatment of 


UPPER RESPIRATORY CONDITIONS 


Natural, nontoxic chlorophyll 


therapy indicated for symptomatic 
relief, healing and deodorizing 


Clinical reports confirm the remarkable 
effectiveness of chlorophyll therapy, as pro- 
vided by Chloresium Nasal Solution, in the 
relief, healing and deodorization of acute 
and chronic inflammatory conditions of 
the upper respiratory tract. 

The basic biologic action of the water- 
soluble chlorophyll derivatives in Chlo- 
resium stimulates normal tissue repair and 
quickly eliminates fetid odors, as in atrophic 
rhinitis, by inhibiting the activity of anae- 
robic, proteolytic bacteria. In addition. 
Chloresium Nasal Solution gives prompt 
symptomatic relief through decongestion 


Chloresium 


Nasal Solution 


RYSTAN COMPANY 


7 N. MacQuesten Pkway., Mt. Vernon, N. Y. 
SOLE LICENSEE—LAKELAND FOUNDATION 


of the mucous membranes without the un- 
desirable side-effects so often accompany- 
ing the use of vasoconstrictor drugs. It 
promotes normal ciliary function and is 
nontoxic, bland and soothing. 


Chloresium is ethically promoted. Avail- 
able at all leading druggists in the follow- 
ing issues: 

Chloresium Nasal Solution—% oz. dropper 

bottles and 2 oz. and 8 oz. bottles. 

*Chloresium Solution (Plain)—2 oz. and 

8 oz. bottles. 

*Chloresium Ointment—1 oz. tubes and 


A oz. jars. 
*Used in the healing of wounds, burns, 
dermatoses and malodorous lesions. 


FREE! 


MAIL COUPON 


RYSTAN COMPANY, Dept. JM-6 

7 N. MacQuesten Pkway., Mt. Vernon, New York 
Please send “Chlorophyll—Its Use in Medicine,” 

a review of over 75 published papers, with explicit 

direétions for the use of Chloresium therapy. Clinical 

samples will be sent, without obligation, if requested 

on your letterhead. 


Name. 


Address 
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EFFECTIVE 
RELIEF IN 


GASTRIC AND 
DUODENAL 
ULCER... 


PEPSIN 


RESINAT, the anion exchange res- 
in, affords the clinician a new and 
certain approach in the treatment 
of gastric ond duodenal ulcer. This 
entirely new antacid therapy pro- 
vides: 


1. Prompt relief from pain. 

2. Rapid action, possessing great 
acid-normalizing power and a 
specific capacity to inhibit pepsin 
activity. 

. Freedom from constipation, di- 
arrhea, eructation and other by- 
effects. 

. Nonalkalinization, without dis- 
turbance fo the acid-base balance 
of the body fluids. 


INACTIVATION 
BY ADSORPTION 


Clinical experience with RESINAT in 
ulcer patients has demonstrated its 
value as an antacid. The use of 
RESINAT is characterized by the com- 
plete absence of by-effects combined 
with therapeutic efficacy. 


DOSAGE: One or two capsules (0.25 
Gm. each) for prompt relief. 
Supplied in bottles of 50, 100, 
500 and 1,000. 


(Al 
NATIONAL 


DRUG COMPANY 


A research product of 
THE NATIONAL DRUG COMPANY 
PHILADELPHIA 44 PA. 
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COMPLETE REMISSION 


nfections 


TISSUE 
* DRAY PLASMA TO & 


* BACTERICIDAL, DEODORSeT, DETERGENT, % 


Glycerite of Hydrogen Peroxide .,. 


With Carbamide 


Clinical studies concerned with the use of 
* BIBLIOGRAPHY > 
Avil, Chahacsiah: Glycerite of Hydrogen Peroxide in the treatment of 


43:605, 1946. chronic purulent otitis media demonstrated seventeen 
E., E., N., & T. Mo., 


26:27, 1947. of twenty-nine patients in complete remission in 14 


pn rn 86596 1946, days and the remainder by the 38th day. The pa- 
ew Eng. J. Med., it} 
Wha-aee, 1946. tients studied presented conditions existent for pe 


Annals of Allergy, riods of 2 weeks to over 40 years. Previous treat- 
J. A. Ph., A., (Sc. Ed.) ment by the usual therapeutic means, including 


tyrothricin or penicillin, was ineffective in all 
iterature on request. 
cases. 


Constituents: 


Hydrogen Peroxide 1.446%, Urea (Carbamide) 2.554%, 8-Hydroxyquinoline 0.1%. 
Dissolved and stabilized in substantially anhydrous glycerol...g.s. ad. 30cc. 


Available on prescription in one-ounce bottle with dropper. 
Administration: One-half dropperful two to four times daily. 


International PHARMACEUTICAL CORPORATION 


132 NEWBURY STREET, BOSTON 16, MASSACHUSETTS 


{ 
33 


A Mutrition Handicap Which 
Must Be Avoided 


‘The significance of breakfast as an important 
means of meeting the daily dietary allowances as 
suggested by the National Research Council 
was vividly demonstrated in a recent study.t 
This investigation revealed that subjects who skipped 
breakfast entirely or who ate a skimpy breakfast 
failed to receive their daily nutritional requirements 
in the other two meals of the day. Hence 
breakfast must be regarded not only as a meal which 
forestalls morning hunger and fatigue, but also one 
upon which the organism is closely dependent 
for its daily share of essential nutrients. 


Virtually all nutritionists agree that breakfast should supply 
from one-fourth to one-third of the daily caloric and nutrient 
needs. A widely endorsed breakfast pattern. composed of fruit, 
cereal, milk, bread and butter, aids in organizing a well-rounded 
morning meal. The cereal serving — consisting of hot or ready-to-eat 
breakfast cereal, milk and sugar—is a universally recommended 
component of this breakfast. This serving contributes 
worth-while amounts of many essential nutrients, 
including biologically complete proteins, B-complex vitamins, 
and important minerals. 


The quantitative contribution made by | ounce of ready-to-eat 
or hot cereal* (whole grain, enriched, or restored to whole grain 
values of thiamine, niacin and iron), 4 ounces of milk, and 
1 teaspoonful of sugar is indicated by this table. 


CALORIES 202 PHOSPHORUS.... 206 mg. 
PROTEIN 


CARBOHYDRATE... 33.0 Gm. RIBOFLAV:N...... 0.24 mg. 
CALCIUM 156 mg. NIACIN 


*Composite average of all breakfast cereals on dry weight basis. 


+ Jackson, P., and Schuck, C.: Dietary Habits of Purdue 
University Women, J. Home Econ. 39:334 (June) 1947. 


Physicians are invited to send for a complimentary copy of the 
brochure *‘Cereals and Their Nutritional Contribution”’ (PN-1). 


CEREAL INSTITUTE, INC. 


135 South La Salle Street +» Chicago 3 


The presence of this seal indicates that 
tisement have been found acceptable if 
/ 


™ : by the Council on Foods and Nutrition 
kes © of the American Medical Association. 
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% Solution 


BREON 


In bottles of 1 fluid ounce with 
dropper; in 4 fluid ounces, and 
pints. 

May be applied by dropper, 
spray, or tampon. 


A word 
in the Har 
about the Nose! 


Phenylephrine Hydrochloride Solution is 
now made available by Breon. 

What is Phenylephrine Hydrochloride? 
It’s the nasal decongestant without reproach. 
More stable than epinephrine, with a 
greater range of safety than ephedrine, 
Phenylephrine Hydrochloride-Breon re- 
duces swollen mucous membranes. The 
action is comparatively enduring, with its 
effectiveness being undiminished by 
repeated use. Vasoconstriction occurs 
promptly with virtual freedom from side 
effects. Phenylephrine Hydrochloride-Breon 
is chemically identical with the product 
sold by Frederick Stearns and Co., Division 
of Sterling Drug, Inc., under the registered 
trademark Neo-Synephrine. 

Phenylephrine Hydrochloride- 
Breon, by clearing the nasal airways, 
aids sinus drainage in head colds, vaso- 
motor rhinitis, and sinusitis. It eases 
the harassed patient—one of those 
trifles that—c. or neglected— 
make a physician liked or—the 
reverse. 


George A. Breon «. Company 


KANSAS CITY. MO. 
NEW YORK 

ATLANTA 

SAN FRANCISCO 
SEATTLE 
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The oral administration of 2 Pyridium tablets 1.i.d., will promptly relieve distressing 
urinary symptoms in a large percentage of ambulant patients, thereby permitting 
them to pursue their normal activities without undue disturbance. 

Following oral administration, Pyridium produces a definite analgesic effect on the 
urogenital mucosa. This action contributes to the prompt and effective relief that is so 
gratifying to patients suffering from disturbing symptoms such as painful, urgent, and 
frequent urination, nocturia, and tenesmus. 

Therapeutic doses of Pyridium may be administered throughout the course of un- 
complicated cystitis, pyelonephritis, prostatitis, and urethritis, without danger of 
serious side reactions. 


Literature on Request 


wows PYRIDIUM ....... 


(Phenylazo-alpha-alpha-diamino-pyridine mono-hy drochloride) 
MERCK & CO., Inc. RAHWAY, N. J. 
Manufacturing Chemists 


In Canada: MERCK & CO., Ltd. Montreal, Que. 
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Children take great delight in singing of ordinary household chores, and they're 
just as joyous about taking a multiple vitamin preparation—when it is Vi-Daylin. 
They like Vi-Daylin’s sweet, citrus fruit-like flavor, the clear lemon color of 
the liquid—so easy to swallow they often ask for more. However, Vi-Daylin is 
concentrated. One serving a day is usually enough for the average child. For 
children up to 12 years of age a single teaspoonful (5 cc.) of Vi-Daylin sup- 
plies twice the minimum daily requirements of vitamins D and C and thiamine, 
the full minimum daily requirement of vitamin A and supplemental amounts 
of riboflavin and nicotinamide. Vi-Daylin is suitable for infants, too, since it 
is virtually free of alcohol (less than 0.5%) and mixes readily with milk and 
other foods. Mothers appreciate the convenient bottle-to-spoon administration, 
and the economy of the single multiple vitamin preparation. On your next pre- 
scription for a multiple vitamin product, please your little patients, and their 
mothers, by specifying Vi-Daylin; available at prescription pharmacies every- 
where in 90-cc. and one-pint bottles. ABBotr Lasoratorties, North Chicago, III. 


VieDaylin 


TRADE MARK 


Vitamins A, B;, C, D, Riboflavin and Nicotinamide in palatable liquid form 
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WHAT PRICE RELIEF? 


There is\ No toll exacted for re- 
lief when GELUSIL* Antacid Ad- 
sorbent is used in peptic ulcer. 


Constipation typical of most alu- 
mina-gels is rarely a factor when 
‘GELUSIL’ is the selected therapy. 
There is usually: NO INTERRUPTION 
IN HEALING PROGRESS—NO DELAY 
IN RECOVERY. 


‘GELUSIL 


‘GELUSIL’ Antacid Adsorbent is supplied in 
botties of 6 and 12 fluidounces. 


‘GELUSIL’ Tablets are supplied for the am- 
bulant ulcer patient; boxes of 50 and 100 
tablets, wrapped individually in cellophane 
for convenience and portability. 


WILLIAM R. WARNER & CO., INC. 
113 West 18th Street * New York 11, N. Y. 


* Trademark Reg. U.S. Pat. Off. 
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Smith, Kline & French Laboratories: : 


Trasentine hydrochloride acts quickly to 
relieve smooth muscle spasm. Where 


arbital may be 


desired, Trasentine-P 
prescribed. For further information 
write Professional Service Division. 


TRASENTINE ® (Cibe's brond of odiphenine) 


CIBA PHARMACEUTICAL PRODUCTS, 


